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HAZARDOUS  WASTC  REMEDIAL  ACTIONS  PROGRAM 
STANDARD  OPERATING  PROCEDURE  5 
GROUNDWATER  SAMPLING  WITH  BAILERS 

« 

1.  OBJECTIVE 


The  pufpoae  of  thia  prooedute  is  to  defiae  tequiicncsts  foi  the  coUectioo  of  groundwater 
4  umples. 


L  BACKGROUND 


'  Methods  used  br  the  coUecttoo  of  groiiodwatar  taiapks  mdude  bailing  and  a  variety  of 

pun^ung  tachniques.  Baflen  are  hollow  cylindeta  with  unidirectional  (open  up)  check  vaho  at 
the  bottom  end.  Some  bailem  may  also  be  dosed  or  valved  at  the  upper  end.  Bailers  used  in 
eovrrotmeotal  af^iUcatioiis  aie  ^icaliy  ooastnicted  of  stainleu  iteel  dkposabte  oyloo  string, 
disposable  monofilameot  polypropyleae.  TefloiKoated  stainless  steel  wire,  or  Teflon,  with 
^  stainless  steel  or  Teflon  being  ptefetrad.  The  bailer  is  lowered  into  the  well  on  an  accepuble 

line  or  costed  wire  line  until  submergad.  The  ballet  k  then  tetcieved  to  the  surface  for  sample 
oolleciion.  Hds  procedure  describa  groundwater  umpling  with  baileis.  For  the  best  resuitt, 
the  sequence  of  sampliag  k  from  leut  to  most  contaminated  welk.  It  k  prefieiabte  for  most 
sampling  events  using  baOen  to  have  dedicated  bailen  or  enough  bailen  to  last  for  1  day's 
worth  of  sampling  (normally  4  to  8/d> 

« 
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4.  REQUIRED  EQUIPMENT 
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•  For  surface  lampfe  -  bailer  types. 

•  For  specific  depth!  -  betkr  types. 

e  Bottom-fllliafr  bottoaMmptyiog  bailer  (with  bottooi  release,  if  needed)  of  the 
appropriate  material. 

e  OeMB  cope  or  wire  line  of  sufiBciest  kagth  for  oonditioiis. 

•  Appropriate  sanipk  conuinec*  tvitb  labels  and  preservative!,  as  required. 

•  Hard  plastic  or  steal  cooler  with  cold  packs  (or  ieeX 

o  Water-level  meter  an<l/<v  other  water-level  measuring  device. 

•  Temperature,  conductivity,  pH,  dissolved  ootygen,  and  organic  vapor  meters,  if 
required. 

a  Plasdc  sheeting. 

e  DecoataffliaatioD  supplies,  as  teqtitred 

e  Peraoniiel  protective  clothing  axxl  equipment,  if  required  by  the  site-specific  health 
and  safety  plan. 

•  Late,  or  polyvinyl  chloride  (PVQ  giovea. 
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The  foUowiag  stepa  must  be  followed  when  sampling  groundwater  with  boilen: 

1.  Put  on  protective  dolhing  and  equipment  aa  specaOed  in  the  site-speciSc  health  and 
•afety  pUn. 

2.  Prepm  the  ate  for  aample  acquiaitioa  by  cowering  the  ground  surface  around  the 

wellhead  with  plastic  sheeting  Arrange  the  required  equipment  for 

conveoicflt  uae.  If  ooeite  ttecooumination  is  required,  arraage  tlm  oeoeaaty 
•tqtplki  in  a  neartty  but  sqaarate  location,  away  from  the  wcUbead. 

2.  Use  wen  and  note  the  conditfan  of  the  caaing  and  cap.  Check  for  vapon 

uaing  vapor  analyiing  aqu^tment.  Uaing  a  weter-letml  meter,  determine  the  sutic 
water  level  and  depth  to  well  bottom.  Reeord  this  information  in  the  field  logbook 
or  on  the  water  sampUng  form. 

4.  Purge  the  well  aooordlog  to  Hazardoua  Waste  Remedisl  Actions  Ptogtim 
(HAZWRAF)  Standard  Operating  Piooedure  (SOP)  4,  if  not  already  accomplished. 
Allow  the  water  lr44ri  to  recover  to  a  depth  at  least  sufficient  for  the  complete 
submergenee  of  tha  bailer  without  oontaeting  the  well  bottom. 

5.  While  the  wail  is  recovering  from  putginfr  decnsitaminaie  the  biiler.  If  the  bailer 
was  deconisminated  before  anivsi  at  the  rite,  lemove  the  protective  wr^ings. 
Securely  atttch  the  bailer  to  the  line.  The  end  cC  the  line  shtmld  also  be  secured. 
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6.  Arrange  the  taaple  oontainen  to  the  order  of  me.  Volatile  organic  analyte  (VOA) 
lampla.  if  required,  wOl  be  obtained  Snt,  followed  in  older  by  semivolau'la 
(SVOA)  and  other  lanqilei. 

7.  Lower  the  bailer  into  the  wdL  Do  not  allow  the  bailer  to  touch  the  caiing.  The 
bailer  ihould  enter  the  water  alowly  to  prevent  teratioo.  particularly  when  VOA  and 
SVOA  aamplei  are  being  collected.  Do  not  permit  the  bailer  to  contact  the  well 
bottom. 

8.  Retrieve  the  filled  bailer  to  the  surface.  Do  not  allow  the  line  to  contact  the 
ground.  Hang  the  bailer  from  a  bailer  stand  or  other  support,  if  available,  or  have 
an  aanstant  hold  it  off  the  ground.  The  first  ballei  of  water  should  be  \sed  as  a 
rinse  and  then  direairicd.  Immediate^  obtain  any  required  VOA  and  SVOA 
samples  by  using  the  release  valve  to  gently  transfer  water  to  the  umple  bottle. 

The  sample  battle  should  be  tilted  when  ffling  to  prevent  aeration.  Check  the 
filled  vial  for  bubbles.  The  first  volume  of  Mmple  ihould  be  used  as  a  rinse  and 
then  uaka  dm  — Th*-  battka  paaservatisc.  If  utnple  filtration  is 

required,  it  should  be  done  as  soon  at  pomfole.  or  after  sample  retrieval  11  after 

VOA  and  SVOA  laaplca.  the  total  required  imaple  volume  is  greater 
than  the  water  renainiog  in  the  bailer,  decant  the  water  into  a  ciean  coapositiog 
container.  The  compositing  container  mum  have  adequate  vDhane  to  oomain  the 
entire  volume  aeceasary  for  aoUectiaii.  Again  lower  tte  bailer  to  collect  water  for 
additional  sample  votume,  if  needed. 

9.  When  the  composited  sample  volume  ii  luCficieDt,  decant  water  into  the  remaining 
sample  containers.  Add  prerervative  (ff  needed),  cap,  seal  and  properly  label  aiJ 
oontainen.  Place  the  GIM  contaioen  in  the  cooler(s)  immediatdy. 

lOi  Record  sample  types  and  amounts  collected,  and  time  and  date  of  oollectioa  in  the 
field  logbook  and  on  the  groundwater  lampliag  fonn  per  HAZWRAP  SOP  1.  Parts 
A  and  B,  reapectivdy.  Prepare  ttam-ol<moid!f  and  analytic  request  documents  ss 
required  the  prajeci  quaiily  amurance  plan. 

11.  Decoouminate  sampling  equipment  acooidinf  to  HAZWRAP  SOP  14. 

IZ  Clean  up  the  area  and  plaw  dispoiabie  matolali  (ptaitk  sbeetuig,  gloves,  Tyvek)  in 
the  designated  reeeptack.  Close  and  lock  the  well  cover. 


6.  RESTRICTIONSl/LIMrrA’nONS 


Obtain  on-ihe  daU  such  as  temperature  coaductiviqr,  pH,  or  dimolved  osygen 
memuremena  after  samples  have  been  collected.  This  may  require  additional  time  for  well 
recovery. 
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1.  INTRODUCTION 


A  low  recharge  well  can  be  defined  as  a  well  that  does  not  recover  to 
90%  of  its  static  water  level  within  6  to  8  h  after  being  purged.  There  are 
many  other  definitions  for  low  recharge  formations;  however,  this  1$  the  one 
that  the  Hazardous  Waste  Remedial  Actions  Program  (HAZWRAP)  will  use  in  Its 
discussion  of  this  issue.  Low  recharge  formations  can  be  round  in  most  of  the 
following  environmental  scenarios:  fine-grained,  unconsolidated  material  such 
as  clay,  silt,  shale,  or  clay  In  the  interstices  of  larger-grained  material; 
or  Igneous  and  metamorphlc  rocks.  Under  the  above  conditions,  four  problem 
areas  surface  when  it  is  the  task  of  the  hydrogeologist  to  obtain  a 
representative  sample  of  the  groundwater  from  these  types  of  aquifers.  They 
are:  how  do  you  reduce  siltation  within  the  well,  how  do  you  develop  a  low 
recharge  well,  how  do  you  purge  a  low  recharge  well,  and  when  do  you  sample 
for  volatile  organics  eher  purging  a  low  recharge  well? 

In  the  following  document,  we  will  discuss  these  Issues  and  present  the 
most  recent  discussions  with  regard  to  these  Issues.  It  Is  the  Intent  of  this 
position  paper  to  make  the  hydrogeologist  aware  of  the  problems  essoclated 
with  low  recharge  wells  and  to  provide  some  guidance  on  the  above  Issues.  For 
the  purpose  of  this  position  paper,  only  low  recharge  aquifers  composed  of 
fine-grained,  unconsolidated  materials  will  be  discussed. 


2.  SILTATION  AND  DEVELOPMENT 


2.1  STATENCNT  OF  THE  PR08LEN 

Siltation  and  development  problms  ere  usually  relegated  to 
unconsolidated  sediment  aquifers.  These  are  generally  not  problems  associated 
with  slow  recharge  in  consolidated  sedimentary,  igneous,  or  metamorphlc 
environments.  Both  of  these  Issues  (I.e..  siltation  and  development)  will  be 
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discussed  concurrently  since,  In  gener»1,  they  are  related  issues  (I.e., 
slltatlon  1$  largely  a  problem  of  Ineffective  development  procedures  and/or 
k»€ll  construction  techniques). 

SlUation  Is  the  process  whereby,  during  well  construction  and/or 
development,  small -sited  aquifer  material  (generally  smaller  than  that 
retained  on  a  #50  US  standard  sieve)  can  be  found  within  the  well  casing, 
making  the  water  sample  turbid.  It  is  of  note  that  this  same  grain  size  range 
(i.e.,  less  than  ISO  standard  sieve  size)  makes  up  over  30«  of  the  aquifer 
material,  which  Is  the  principal  reason  why  the  formation  1$  a  slow  recharger. 
This  material  ends  up  In  the  well  casing  usually  by  two  methods.  In  the 
first,  the  fine-grained  materials  are  introduced  into  the  well  casing  directly 
during  well  Installation.  This  usually  occurs  at  the  same  time  as  the  well 
screen,  filter  pack,  and  riser  pipe  are  placed  at  the  bottom  of  the  borehole. 
From  the  time  the  borehole  drilling  Is  complete  and  the  well  Is  placed, 
groundwater  will  move  up  into  the  auaer  flights,  carrying  with  it  an 
associated  amount  of  aquifer  material  due  to  hydrostatic  pressure.  The 
screen,  casing,  and  filter  pack  arc  introduced  directly  into  this  *soup*, 
thereby  introducing  the  fine-grained  material  directly  into  the  casing.  Also 
during  placement,  the  aquifer  material  may  become  integreted  with  the  filter 
pack  material  during  placement  of  the  filter  pack. 

The  second  siltation  problem  area  occurs  during  development.  In 
monitoring  Mil  construction,  the  purpose  of  the  design  of  the  filter  pick  Is 
to  ritaln  95  to  lOOK  of  the  aquifer  material.  In  general,  this  Is  not  always 
accomplished  because  all  too  often  the  well  screen  size  and  filter  pack  size 
are  selected  before  the  field  investigation  (i.e.,  during  the  work  plan 
development  stage).  During  this  stage,  when  they  suspect  slow  recharge 
aquifers,  10-slot  screens  with  Ottowa  II,  Morie  II,  or  equivalent  filter  pack 
material  are  selected  in  advance  of  actual  field  information.  The  development 
procedure,  therefore,  must  clean  out  the  residual  materials  In  the  well  casing 
and  must  also  pull  the  fine  material  out  of  the  filter  pack  since  it  was 
placed  and  commingled  with  aquifer  material  during  placement.  Therefore,  due 
to  poor  construction  design,  new  equifer  fine-grained  material  is  pulled  nto 
the  casing  during  development  because  the  filter  pack  material  cannot  retain 
95  to  100k  of  the  aquifer  material. 

This  represents  a  synopsis  of  the  slltetlon  and  development  problems 
associated  with  monitoring  well  construction  techniques.  The  following 
section  will  discuss  some  of  the  more  recent  published  articles  relevant  to 
these  Issues. 


2.2  PUBLISHED  APHOACKES  TO  SILTATIOM  AND  DEVELOPMENT 
2.2.1  Hell  Construction  Methods 

The  key  question  to  be  answered  in  assessing  well  construction  nothods 
in  1ow-y1o1d  aquifers  Is,  *Can  well-designed  construction  techniques  improve 
the  quality  and  quantity  of  groundwator  samples  from  a  low  rocharge  aquifor?” 
In  roviow  of  the  literature,  the  following  Information  is  submitted  for 
evaluation: 
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0  In  a  study  conducted  by  Paul,  Palmer,  and  Cherkauer  (1988),  a  series 
of  ten  Mells  were  placed  in  glacial  tills.  Of  these  wells  some  had 
been  installed  wet  (the  well  was  not  cleaned  out  of  excess  loose 
material  before  well  placement)  because  of  delays  in  setting  the 
screens,  and  some  had  been  installed  dry  (the  loose  materials  had 
been  removed  from  the  borehole).  Of  the  wells  installed  wet,  the 
wet  wells  exhibited  SO  to  200  times  greater  turbidity  than  wells 
installed  dry. 

0  In  an  article  in  Groundwater  Age  (Wehrmann,  1983),  a  method  that  can 
be  used  in  clayey  environments,  where  an  open  borehole  can  be 
sustained,  is  to  pump  water  down  the  inside  of  the  monitoring  well 
casing,  out  the  screen,  and  up  the  annulus  of  the  borehole.  This 
should  be  done  both  before  and  after  the  gravel  pack  is  emplaced  to 
free  fine-grained  material  from  the  surface  of  the  borehole  and  the 
gravel  pack  materials.  Circulation  should  be  continued  until  the 
water  coming  up  the  annulus  looks  clear  (Wehrmann,  1983). 

0  According  to  Nielson  (1988),  the  continuous-slot,  wire-  wound  screen 
is  more  effective  in  preventing  formation  materials  from  becoming 
clogged  in  the  openings.  It  allows  particles  slightly  smaller  than 
the  openings  to  pass  freely  into  the  well  without  wedging  in  the 
opening,  making  these  intakes  nonclogging. 

0  In  an  article  by  Gass  (1989),  drilling  methods  and  well  construction 
techniques  must  be  adapted  to  minimize  borehole  damage  before  the 
installation  of  a  well  screen  (commonly  referred  to  as  'skin 
effect")  and  a  filter  pack,  or  at  least  to  correct  borehole  damage 
before  installation  of  the  well  screen  and  filter  pack.  In 
addition,  it  must  be  understood  that  the  effectiveness  of  well 
development  is  going  to  be  extremely  limited  in  alleviating  this 
effect.  To  reduce  this  effect,  he  suggests  several  techniques:  (I) 
boring  the  zone  representing  the  screened  Interval  with  a  3-  to 
S-1n.  Shelby  tube,  (2)  scratching  the  sides  of  the  borehole  with  an 
oversized  brush  or  wire  to  eliminate  the  smeer  effect,  and/or  (3) 
developing  the  low-recharge  well  with  a  bailer  or  small -diameter 
surge  block  to  achieve  gentle  agitation  of  the  filter  pack  so  that 
any  residual  fine  material  that  may  have  been  incorporated  into  the 
filter  pack  during  its  amplacanent  can  be  removed. 

2.2.2  Well  Construction  Hatorlals 

In  assossing  well  construction  matorials,  tho  following  infoination  is 
submitted  for  evaluation; 

0  In  an  article  by  Gass  (1988).  Gass  states  that  the  filter  pack 
should  be  graded,  fine  to  medium  sand.  Because  of  the  gradation, 
the  effective  size  of  the  filter  pack  will  be  quite  small  and  yet 
will  still  be  orders  of  magnitude  more  permoable  than  the  formation 
and  will  not  restrict  well  yield.  In  almost  all  cases,  a  10-slot 
screen  will  retain  80%  to  90%  of  the  filter  pack. 
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0  In  an  article  by  Nielson  (1988),  the  use  of  an  artificial  filter 
pach  in  a  fine-grained  material  allows  the  screen  slot  size  to  be 
considerably  larger  than  If  the  screen  were  placed  In  without  the 
filter  pack.  This  Is  particularly  true  where  fine  slot  sizes,  which 
are  designed  to  hold  out  formation  materials,  are  either  Impractical 
or  not  commercially  available.  The  larger  screen  slot  size  afforded 
by  the  filter  pack  allows  for  the  collection  of  adequate  volume  of 
sediment-free  samples  (Nielson,  1988). 

0  Paul,  et  a1.  (1988),  states  that  the  function  of  the  filter  pack  is 
to  stabilize  the  borehole  and  to  prevent  formation  materials  from 
entering  the  well.  They  recommend  that  the  proper  size  of  filter 
pack  and  screen  can  be  chosen  from  the  grain  size  distribution  curve 
of  the  formation  Oy  applying  the  method  outlined  by  Driscoll  (1986). 
In  addition,  he  states  that  commonly  available  well  screens  and  sand 
packs  were  not  capable  of  filtering  out  clay-sized  particles  found 
In  fine-grained  glacial  tills.  The  optimal  well  design  would 
require  a  silt-sized  sand  pack  and  a  very  fine-meshed  screen  (<0.05 
m).  In  addition,  the  wells  within  his  study  were  constructed  of 
different  types  of  screens  (slotted  and  continuous).  From  this 
condition  he  observed  In  his  glacial  till  study  that  surging  of  the 
wells  that  had  standard  factory  slot  screens  pulled  more  formation 
material  through  the  sand  pack  and  Into  the  screen  than  wells  that 
had  continuous-slot  screens.  There  were  no  substantial  differences 
In  the  turbidity  measurements  between  the  three  types  of  well 
screens  that  had  been  bailed. 


From  the  information  collected,  several  Issues  were  not  discussed.  One 
of  these  issues  is  the  use  of  sumps  in  well  construction  In  low-yield 
unconsolidated  aquifers.  It  has  been  a  standing  practice  during  the  past  5 
years  that  sumps  be  used  In  well  construction  In  low-yield  aquifers.  A  sump 
is  a  piece  of  blank  casing  placed  below  the  screen  and  1$  designed  to  retain 
and  separate  the  slltation  materials  (accumulated  fine-grained  material 
settlino  out  of  suspension)  from  the  screened  Interval.  This  device  Is  used 
primarily  to  keep  the  entire  surface  area  of  the  screened  interval  open  to 
receWe  groundwater. 

Another  Issue  that  has  become  a  standard  practice  Is  to  ensure  an 
appropriate  filter  pack  thickness.  All  too  often,  particularly  In  shallow 
groundwater  wells  (i.e.,  those  less  than  50  ft),  a  2-1n.  well  Is  placed  In  a 
nominal  4-ln.  borehole.  It  Is  generally  agreed  that  the  filter  pack  thickness 
should  equal  the  well  diameter  and  that  It  should  be  tremled  into  place.  The 
reasoning  behind  this  position  Is  that  an  Insufficiently  large  filter  pack 
thickness  will  not  retain  the  large  volume  of  fine-  grained  material  trying  to 
enter  the  well  screen  and  that  a  sufficlant  voluma  Is  naadad  to  affactlvaly 
ratain  or  retard  this  condition. 

In  addition  to  tha  above,  Johnson  Screens  has  developed  a  new  screen 
specifically  designed  for  low-yield  aquifers.  This  new  well  screen  Is  called 
Channel  Pack  and  Is  basically  two  continuously  wrapped  screens  separated  by  a 
glass  bead  filter  pack.  This  screen  has  not  been  extensively  field  tested,  so 
Its  advantages  and  disadvantages  have  not  been  well  established. 


s 


2.2.3  Rttcomnendations 

Based  on  the  above  Information,  the  following  construction  methods  and 
material  specifications  are  reconnended: 

0  Filter  pack  thickness  around  the  wall  screen  should  be  at  least  the 
same  thickness  as  the  diameter  of  the  casing/riser. 

0  Sumps  should  be  placed  below  the  well  screens  to  act  as  a  sediment 
trap  for  all  low-yield  aquifer  wells. 

0  Well  screens  should  be  of  the  continuous  slot  variety. 

0  Well  screens,  casing,  and  filter  pack  material  should  be  placed  in 
dry  wells  (i.e.,  the  loose  "soupy*  material  within  the  drill  casing 
should  be  cleaned  out  or  removed  before  materials  placement). 

0  For  optimum  design,  the  filter  pack  should  be  graded  according  to 
the  aquifer  particle  size  distribution  to  ensure  that  the  laroest 
percentage  of  the  aquifer  material  will  be  retained  by  the  filter 
pacK. 

0  Well  screen  slot  size  should  be  sized  to  the  filter  pack.  In  most 
Instances,  the  filter  pack  should  be  sized  to  retain  95  to  100%  of 
the  aquifer  material . 


3.  DEVELOPMENT 


The  main  purpose  for  the  developntent  of  a  well,  any  well.  Is  to  produce 
a  turbid-free  sample  (I.e.,  to  rid  the  filter  pack,  screen,  and  well  casing  of 
the  smell  particles  that  remain  that  are  the  direct  result  of  the  Installation 
procedure  or  design),  teyond  this,  the  goal  for  wells  in  the  water  well 
Industry  differs  significantly  from  the  hazardous  waste  Industry.  In  the 
water  well  Industry,  the  purpose  of  well  development  Is  to  obtain  maximum 
yield  with  the  least  turbidity  for  the  purpose  of  water  consumption.  In  the 
hazardous  waste  Industry,  the  purpose  of  development  is  to  obtain  a  turbid- 
free  sample  for  the  purposes  of  chemical  analysis  In  the  parts  per  billion 
range.  Wells  designed  for  pump  testing  are  the  exception  since  Increasing 
well  efficiency  nay  improve  the  quality  of  the  pump  test  data.  There  is  a 
significant  difference  between  these  two  goals.  In  the  hazardous  waste 
industry,  constructing  wells  for  the  purpose  of  high  yields  tends  to  be  a 
secondary  requirement. 

CoMDon  methods  of  well  development  in  fine-grained  materials  are 
pumping,  surging,  bailing,  and  the  use  of  compressed  air  to  "blow  out”  the 
well.  All  of  these,  or  combinations  thereof,  are  acceptable  methods  within 
the  water  well  Industry;  however,  all  do  not  carry  the  same  level  of 
confidence  within  the  hazardous  waste  industry.  The  following  is  a 


presentation  of  recent  informitlon  from  literature  addressing  this  Issue. 


3.:  PUBLISHED  INFORMATION  ON  DEVELOPMENT 

0  In  the  development  of  wells  in  glacial  tills  (Harman,  1988),  a 
stainless  steel  submersible  pump  was  used.  The  pump  was  lowered  by 
hand  to  decrease  the  turoldity  of  the  water.  The  pumping  rate  was 
slow  and  continuous,  with  a  low  volume  of  water  being  pumped.  This 
pulled  the  fine-grained  material  from  the  sand  pack.  The  silt 
settled  to  the  bottom,  and  water  samples  could  be  taken  from  the  top 
of  the  water  column.  Bailing  could  be  used  Instead  of  pumping  to 
develop  the  well. 

0  In  tight  formations,  well  development  must  be  sufficiently  vigorous 
to  remove  fine-grained  particles 

without  damaging  the  well  (Marbury  and  Brazie,  1988).  The  turbidity 
of  the  water  needs  to  be  reduced. 

0  According  to  Giddings  (19BS),  the  steep  hydraulic  gradient  caused  by 
dewatering  the  well  during  pumping  causes  turbulent  flow  In  the 
aquifer  and  in  the  gravel  and  sand  pack,  and  this  results  ln  a  very 
turbid  sample.  A  surge  and  block  bailer  has  been  successfully  used 
in  developing  low  recharge  wells. 

0  Accordinq  to  Gass  (1988),  when  an  attempt  1$  made  to  develop  a  silt 
or  clay  formation,  the  formation  will  not  bridge,  end  greater 
amounts  of  the  formation  will  be  pulled  into  the  well.  The  same 
type  of  surge  energy  reaches  the  formation  when  a  well  is  purged  and 
sampled  with  a  bailer  that  fits  snugly  within  the  well  or  when  a 
pump  that  Just  fits  in  a  well  is  rapidly  inserted  or  removed  from 
the  well.  The  key  to  achieving  clean  samples  then  is  to  reduce  or 
eliminate  surge  energy  from  reaching  the  formation. 

0  The  following  study  was  performed  by  Paul,  Palmer,  and  Cherkauer 
(1988).  In  this  case,  some  wells  installed  in  fine-grained  glacial 
tills  were  surged  for  10  min  and  then  bailed  along  with  wells  that 
were  balled  only.  Water  was  collected  from  the  screened  Intervals 
for  turbidity  analysis.  The  hydraulic  conductivity  of  the  formation 
was  sufficiently  low  that  no  significant  well  recovery  occurred 
between  the  time  the  well  was  balled  and  the  sample  was  taken.  Hany 
of  the  samples  contained  a  considerable  amount  of  sediment. 

Ballings  of  two  wells  Indicated  a  large  amount  of  clay  sediment  at 
the  bottom,  which  was  easily  agitated,  especially  when  the  bailer 
touched  bottom.  The  wells  were  then  pumpwi  dry  to  reduce  the  amount 
of  sediment  and  were  allowed  to  recover.  When  samples  were  taken  4 
months  later,  the  turbidity  had  been  reduced  In  all  but  one  well. 

0  Surging  of  the  wells  Increased  the  turbidity.  The  turbidity  was  SO 
to  100  times  greater  than  that  in  wells  that  were  balled.  Sand  pack 
and  screens  had  little  effect  on  the  amount  of  turbidity.  In  surged 
wells,  the  average  turbidity  stayed  the  sane  between  the  two 
sampling  periods.  In  the  bailed  wells  the  turbidity  decreased 
fourfold  (Paul,  Palmer,  and  Cherkauer,  1988). 
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0  In  restoration  of  clogged  wells  installed  In  glacial  tills, 
Jetting  was  used,  and  fine  sand,  silt,  and  clay  are  washed  out  of 
tne  water-bearing  formation.  The 

turbulence  created  by  the  Jet  brings  these  fine  materials  back  Into 
the  well  through  screen  openings  above  and  below  the  point  of 
operation  (Gass,  1985). 


3.2  DEVELOmEKT  RECOWENOATIOMS 

Based  on  the  above  Information  and  in  consideration  of  the  procedures 
previously  recommended  for  well  design  and  Installation,  the  following 
develoooient  procedures  are  recommended: 

0  Remove  any  sediment  that  may  exist  within  the  well  casing.  This  may 
be  accomplished  by  using  a  sand  bailer  (which  most  drill  rig 
operators  are  familiar  with  for  larger  diameter  wells),  by  using 
pump  and  surge,  or  by  using  air  lift  technlQues  to  remove  the 
sediment  in  the  sediment  trap. 

0  Ideally,  the  first  attempt  should  be  to  develop  a  low  yield  well  by 
pumping  and/or  removing  water  at  a  rate  equal  to  or  less  than  the 
recharge  rate  of  the  aquifer.  This  may  be  accomplished  using 
peristaltic  pumps,  bailers,  or  bladder  pumps  for  some  aquifers.  The 
object  of  this  methodology  is  to  induce  water  into  the  well  at  a 
very  low  but  constant  rate  until  the  water  is  relatively  clear. 

(NOTE:  If  bladder  pumps  are  to  be  used,  removing  the  silt  from  the 
well  Is  critical  because  of  the  potential  damage  to  the  bladder.) 

0  If  the  above  techniques  cannot  be  accomplished  and  the  wells  are 
pumped  to  near  dryness  even  with  slow  rates  of  water  removal,  the 
next  recommended  option  Is  to  use  a  closed*bottoffl  bailer  in  a  pump- 
and«surqe«type  scenario.  Under  this  sctnerlo,  as  the  bailer  enters 
the  well,  the  bailer  itself  acts  as  a  surge  block  end  forces  water 
out  through  the  screen,  dislodging  silt  and  clay  aize  particles  from 
the  screen  end  the  filter  pack  with  the  Intention  of  the  particles 
returning  through  the  screen  to  be  removed  during  the  balling 
operation.  The  surglnn  activity,  however,  should  not  be  so  vigorous 
as  to  extend  the  surging  action  into  the  aquifer  meteriil  itself. 

If  during  this  process  the  well  Is  pumped  to  dryness,  the  above 
procedure  may  have  to  be  repeated  one  to  two  additional  tines  to 
obtain  a  swple  that  is  relatively  sediment  free.  A  specific 
application  of  this  approach  Is  to  develop  the  well  In  stages  (2  to 
3  ft  at  e  time,  from  the  bottom  up).  In  this  the  surge  stroke 
should  not  exceed  the  surged  Interval. 

0  At  the  completion  of  the  development  of  a  well,  a  well  recovery  test 
should  be  performed.  This  test  Is  similar  to  a  rising  head  slug 
test.  These  data  wMl  assist  IN  field  hydrogeologist  In  the 
developflMnt  of  other  wells  and  in  the  scheduling  and  planning  of 
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purge  and  sijiple  activities.  It  is  not  implied,  however,  that  well 
recovery  tests  should  be  conducted  on  every  well.  The  discretion  of 
the  use  of  this  test  is  held  within  the  purview  of  the  field 
hydrogeologist  and  the  HA2WRAP  project  team. 


4.  PURfilNfi  AND  SANPLIN6 


4.1  PURSING 

Perhaps  the  most  critical  component  of  collecting  a  representative 
sample  of  the  aquifer  water  occurs  during  the  purging  process.  The  main 
purpose  of  purging  a  we11  is  to  remove  the  stagnant  water  from  the  wall  casing 
and  borehole  and  to  replace  it  with  groundwater  that  more  accurately  reflects 
chemical  conditions  within  the  aquifer.  A  lot  of  discussion  has  focused  on 
this  issue.  The  rationale  for  purging  is  to  help  remove  fine-grained 
particles  in  the  well  and  sand  pack  that  may  potentially  enter  tne  well  screen 
and  the  sample  (Paul,  Palmer,  and  Cherkauer,  1988).  (NOTE:  All  operations 
need  to  be  performed  with  materials  and  equipment  that  have  been  thoroughly 
cleaned  to  avoid  introducing  contamination  into  the  well.  This  is  especially 
critical  in  low-yield  wells  because  even  a  minute  amount  of  contaminant  may 
result  In  relatively  high  concentrations  in  sai^iles.} 

The  following  is  a  presentation  of  discussions  on  this  issue  that  have 
occurred  in  technical  publications  over  the  past  several  years: 

0  According  to  the  Wisconsin  Oepartment  of  Natural  Resources  Guidance 
(Lindorf,  Feld,  Ccnnelly,  1987),  the  most  straightforward  method  for 
removing  all  of  the  stagnant  water  from  wells  screened  in  low 
permeability  fomations  is  to  pump  or  bail  the  well  dry.  This 
procedure  may  be  the  best  way  to  ensure  that  all  of  the  stagnant 
water  in  the  well  has  been  exchanged  with  water  from  the  aquifer. 
After  purging,  the  wa11  should  be  allowed  to  fully  recover  and  can 
be  purged  a  second  time  if  needed. 

0  The  Environmental  Protection  Agency  (EPA)  Technical  Enforcement 
Guidance  Document  (19M)  is  similar  to  this.  It  states  that  when 
low-yield  wells  are  being  developed,  they  should  be  pumped  to 
dryness  once.  If  the  recharge  rate  of  the  well  causi^s  the  formation 
water  to  vlgorousl'*  cascade  down  the  intake  screen  and  accelerate 
the  loss  of  volatiias,  the  well  should  not  be  pumped  dry.  If  this 
is  anticipaiedt  three  casing  v'Plumes  should  be  purged  from  the  well 
at  a  rate  that  does  not  cause  the  recharge  water  to  be  excessively 
agitated. 

0  If  a  monitoring  well  is  drained  completely  during  purging,  the 
fonnation  water  will  be  exposed  to  the  atmosphere  as  it  enters  the 
well.  This  may  cause  a  lot  loss  of  volatiles  within  5  min  and  a  70X 
loss  within  1  h.  Protocols  should  avoid  draining  the  well  and  any 
unnecessary  exposura  of  the  sample  to  the  atmosphere,  especially 
when  combined  with  turbulence  (NcAlary  and  Barker,  1987). 
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0  If  th«  sand  pack  around  screans  is  drained  during  purging  or 

flushing,  the  formation  water  will  flow  Into  the  well  by  cascading 
through  the  headspace  in  the  dewatered  sand  filter  pack.  Some 
volatilization  can  be  expected  to  affect  the  groundwater  even  before 
a  sample  can  be  collected  (HcAlary  and  Barker,  1987). 

0  The  amount  of  recharge  nay  limit  the  anount  of  sample  that  car  be 
collected.  Freguent  purging  will  likely  dewater  the  saturated  zone, 
causing  the  well  to  go  dry  for  a  period  of  time.  In  wells  that 
require  a  very  long  period  of  time  to  recharge,  the  interval  between 
sampling  events  may  not  be  sufficient  to  allow  full  recovery  to 
static  water-level  conditions.  In  such  cases,  an  annuel  or 
semiannual  sampling  event  may  be  more  appropriate  than  quarterly 
events  (Harbury  and  Brazie,  1988). 

0  The  results  of  a  laboratory  standing-column  volatilization  test  by 
McAlary  and  Barker  (1987)  showed  that  losses  will  reach  lOX  within  1 
h  and  99X  in  1  month.  The  standing  water  should  therefore  be 
thoroughly  purged  before  sampling.  In  the  context  of  a  sampling 
event,  it  may  be  acceptable  in  moderately  low  permeability  materials 
to  return  for  sampling  of  volatile  organics  several  hours  after 
purging,  provided  that  the  calm  surface  of  the  water  in  the  casing 
was  the  only  exposure  of  the  sample  to  headspace. 


4.2  SAMPLING 

The  problems  of  purging  and  sampling  low  recharge  wells  are  mutually 
related  events.  The  type  of  purging  a  field  team  performs  may  affect  the 
sampling  effort.  In  addition,  within  the  literatura.  It  is  not  clear  as  to 
the  best  time  to  simple  for  volatile  orgenics.  The  following  are  submitted 
for  evaluation  and  review: 

0  In  low-yielding  bedrock  aquifers,  wells  may  bt  pumpad  dry  by 
removing  only  one  bore  volume  of  water.  If  the  water-  bearing 
fractures  are  located  Just  below  the  static  water  table  level,  the 
well  will  raflll  by  cascading  water  entering  the  bore  and  falling  to 
the  bottom.  This  alters  the  dissolved  gases  in  the  water  and 
Increases  the  dissolved  oxygen  content.  Many  monitoring  parameters 
are  sensitive  to  this  alteration,  and  It  can  lead  to 
misrepresentative  sampling  (Giddings,  1985). 

0  A  water-level  monitoring  period  of  several  hours  or  days  may  be 
required  to  determine  whether  the  well  bore  is  making  water  or  to 
determine  if  the  water  level  will  return  to  static  water-level 
conditions.  In  these  Instances.  It  may  be  possible  to  remove  only 
one  casing  volume  before  sampling  (Narbury  and  Brazie,  19M}. 
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0  Sunples  should  be  collectod  as  soon  as  there  Is  a  sufficient  amunt 
of  water  in  the  well  bore  in  order  to  get  a  saaple  that  is 
representative  of  the  formation  water  Kindorf,  Feld,  Connelly, 
1987). 

0  According  to  the  EPA  Guidance,  as  soon  as  the  well  recovers,  the 
order  of  sampling  should  be  pH,  volatiles,  oxidation-reduction, 
senivolatiles,  pest1cides/pol>chlorinated  biphenyls  (PCBs),  metals, 
and  Inorganic  compounds.  For  wells  with  a  recovery  tine  of  greater 
than  3  h,  samples  should  be  taken  in  order  of  their  volatility  as 
soon  as  there  is  a  sufficient  volume  of  water  available  for  a  sample 
for  each  parameter.  Parameters  that  are  not  pH  sensitive  or  subject 
to  volatil Itation  should  be  taken  last. 

0  In  the  sampling  of  naturally  purged  wells  (Robin  and  Glllham,  1967), 
results  Indicated  that  a  representative  sample  could  be  obtained 
from  the  screened  Interval  through  the  use  of  dedicated  sampling 
device,  such  as  a  syringe  sampler.  The  Intake  would  need  to  be 
located  near  the  bottom  of  the  screened  Interval.  The  volume  of  the 
sample  would  have  to  be  significantly  less  than  the  volume  of  the 
screened  Interval.  Some  contamination  could  result  from 
displacement  of  water  by  the  sampling  device.  In  this  study,  as 
screen  lengths  became  shorter  (screen  lengths  of  1,  2,  and  5  ft), 
the  first  samples  were  progressively  more  contaminated. 

0  In  a  recent  article  by  Hcrzon  et  a1.  (1988)  eleven  2'in.  00 

stainless  steel  wells  were  developed  using  bailers  and  a  diaphragm 
pump.  Bailers  were  used  to  extract  water  and  to  act  as  surge  blocks 
to  draw  in  fine  materials.  This  procedure  was  repeated  four  times 
for  each  well.  The  diaphragm  pumps  were  used  to  pump  the  wells  to 
dryness  so  that  •  rising-head  test  could  be  performed  on  each  well. 
Samples  were  retrieved  at  several  different  times  after  purging. 

The  final  conclusions  were  that  wells  in  low-  yield  aguifers  should 
be  purged  before  sampling  and  that  concentrations  of  volatile 
organics  In  the  sample  collected  4  h  after  purging  contained  the 
highest  volatile  organic  concentrations. 


$.  EQUIPHEKT  FOR  OEVELOfMEKT.  mSlHB,  AMD  SAMFLING 


To  minimize  the  Introduction  of  contamination  Into  the  well,  positive 
gas  displacement  Teflon  bladder  pumps  are  recommended  for  purging  wells. 

Teflon  or  stainless  steel  bailers  are  also  recommended  purolng  equipment. 

Where  these  devices  cen't  be  used,  peristeltie  pumps,  gas-lift  pumps, 
centrifugal  pumps,  and  venturi  pumps  nay  be  used.  Where  a  sampling  device 
requires  an  Intake  line,  or  discharge  line,  the  compotltion  of  the  line  should 
be  Teflon,  polyethylene  lined  with  Teflon,  or  polyethylene.  Where  a  sampling 
device  requires  a  support  line  to  the  surface  (as  In  bailers),  the  support 
line  should  be  single-  strand,  stainless  steel  wire.  Teflon-coated  stainless 
steel  wire  (single  strand  or  braided),  or  a  stainless  steel  leader  attached  to 
monofilament  polyethylene  line. 
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Pumping  ratas  for  peristaltic  pumps  ara  typically  less  than  ISOO  mL/min. 
Other  types  of  pumps  produce  volatil Izatlon  and  high-prassure  differentials, 
causing  variability  in  the  analysis  of  pH,  specific  conductance,  metals,  and 
volatile  organic  samples.  They  are,  however,  acceptable  for  purging  wells 
(EPA  Guidance,  1986). 

The  equipment  required  for  jet  development  includes  a  jetting  tool  with 
two  or  more  nozzles,  a  high-pressure  pump,  a  high-pressure  hose,  and  a  supply 
of  water.  The  nozzles  should  be  evenly  spaced  on  the  jetting  tool  (Gass, 
1985). 


The  valve-type  plunger  could  ba  used  In  tight  formations  because  It  has 
a  lighter  surging  action.  A  bailer  can  be  used  along  with  the  plunger  (Gass, 
1985). 


In  Paul,  Palmer,  and  Cherkauer,  the  surging  process  (in  fine-grained 
glacial  tills)  was  performed  with  a  length  of  polyvinyl  chloride  (PVC) 
electrical  conduit  fitted  with  an  oversized  rubber  stopper.  The  rubber 
stopper  was  small  enough  to  allow  passage  through  the  well  but  large  enough  to 
force  water  before  it.  A  peristaltic  sampling  pump  was  used  to  remove  the 
potton  sediment  from  the  monitoring  wells. 

In  a  study  by  Griffin  et  al.  (1988)  on  the  collection  of  volatile 
organics  from  fine-grained  materials,  samples  were  collected  using  a  double- 
check  valve.  Teflon  bailer  with  a  bottom-draining  device.  For  shallow, 
small -diameter  walls  with  low  yields,  evacuation  of  the  well  by  a  bailer  is 
feasible.  Syringes  can  also  be  used  to  sample  water  from  low  hydrostatic  head 
aquifers  because  they  only  remove  a  small  volume  of  water  from  the  well 
(Nielson,  1985). 


tf.  RECOHMENDEO  PROCEDURES  FOR  PURSING  AND  SANPLIN8 


The  following  purge  and  sample  procedures  are  based  on  a  review  of  the 
information  provided  above,  known  characteristics  of  monitoring  well  recharge 
and  well  dynamics,  and  the  best  available  technology.  The  succeeding 
information  is  provided  to  act  as  a  starting  point  with  regard  to  planning  and 
execution  of  sampling  activities  within  low  recharge  environments.  It  is 
understood  that  as  field  activities  commence,  minor  revisions  to  the  purge  and 
sampla  activities  may  be  required  based  on  site-  specific  information; 
however,  the  following  scenario  should  be  used  and  planned  for  during  the 
early  stages  of  field  activity  development. 

The  following  procedures  are  recommended  for  purging  and  sampling  of  low 
recharge  aquifers: 

0  As  a  general  rule,  under  low  rteharge  conditions,  purge  and  sampla 
activities  snould  not  occur  for  a  minimum  of 
7  d  after  well  development.  This  period  may  be  extended,  dependent 
upon  very  low  recharge  conditions  and  varying  site  conditions. 
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0  Puraing  4nd  sanpling  ar«  cons1d«red  b>  HAZVRAP  to  b«  autually 
inclusive  activities  (1.t.,  they  ere  not  separate  events). 

Therefore,  the  co««non  field  activity  of  purging  all  wells  first  then 
sanpllng  1$  not  considered  to  be  the  best  available  procedure. 
Purging  and  sampling  should  be  considered,  in  terms  of  schedule,  as 
one  event. 

0  Purging  begins  with  placing  the  pump  or  purge  device  at  the  top  of 
the  water  column  to  remove  the  water  from  the  well  casing  and 
borehole  from  the  top  down. 

0  Purge  rates  should  be  at  a  value  less  than  that  indicated  from  the 
well  development  recharge  rate  recorded  at  the  conclusion  of  well 
development.  Under  low  recharge  conditions,  this  rate  will  rarely 
exceed  O.S  gaVflln>  This  low  purge  rate  will  permit  the  water  within 
the  casing  and  borehole  to  exchange  without  punping  the  well  to 
dryness  or  appreciably  depressing  the  static  water  level. 

0  If  the  above  condition  cannot  be  net.  the  entire  volume  of  water 
within  the  well  casing  and  borehole  should  be  removed  at  the  rate 
determined  above.  If  it  Is  already  known  that  the  well  can  be 
pumped  down  without  appreciable  recharge,  the  rate  specified  above 
should  not  be  exceeded.  Excessive  pumping  will  only  cause  turbidity 
problems  when  eventual  recharge  and  sampling  begin.  (NOTE:  As  a 
reminder,  under  the  well  construction  recommendations,  each  well 
will  exhibit  a  2>  to  5>ft  sediment  trap  to  be  located  below  the 
screen.  Therefore,  the  sediment  trap  should  be  removed  of  bu11t>up 
sediment  before  actual  purging  and  sampling), 

0  If  the  well  does  not  recover  to  90*  of  Its  static  water  level  within 
6  to  8  h,  only  one  borehole  volume  need  be  removed.  If  the  well 
recovers  in  less  time,  purge  activities  should  be  repeated  at  least 
one  more  time.  At  the  conclusion  of  the  Initial  purge  activities, 
if  significant  fines  have  accumulated  In  the  sediment  trap,  these 
fines  should  be  removed  before  the  second  purge  activity. 

0  Sampling  from  wells  in  which  the  static  water  level  was  not 

appreciably  depressad  is  to  occur  iHMdiately  after  purge  activities 
are  completed  (within  3  h  as  a  general  rula).  Sampling  from  wells. 
In  which  the  water  was  lomplcteiy  reoioved  from  the  well  or  the 
recovery  time  exceeds  3  h,  will  occur  (for  volatiles  and  pH  and 
oxidation-reduction  sensitive  analytes)  when  the  water  level  has 
rtached  a  point  above  tho  bottom  of  the  screen  such  that  a 
sufficient  sample  can  be  retrieved.  Sampling  for  other  nonsensitive 
analytes  may  occur  at  some  point  later  as  the  well  has  had  time  to 
more  completely  recover  and  provide  sufficient  sample.  If 
sufficient  sample  has  not  bmcome  available  within  24  h,  the  HAZWRAP 
Project  Hanager  should  be  iMBodlately  informmd  so  that  a  decision 
can  be  made  as  to  the  disposition  of  this  condition. 
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HAZARDOUS  WASTE  REMEDIAL  ACTIONS  PROGRAM 
STANDARD  OPERATING  PROCEDURE  4 
WELL  DEVELOPMENT  AND  PURGING 


1.  OBJECTIVE 


The  objective  of  this  procedure  is  to  define  the  procedural  requirements  for  well 
development  and  purging. 


1  BACKGROUND 


Monitor  wells  are  developed  to  remove  sidn  (Le.,  near-well-bore  formation  damage)  and 
to  settle  and  remove  fines  from  the  filter  pack.  Wells  should  not  be  developed  for  24  h  after 
completion  ^en  a  cement  bentonite  grout  is  used  to  seal  the  annular  space.  However,  wells 
may  be  developed  before  grouting  if  conditions  warrant  Wells  are  purged  immediately  before 
groundwater  sampling  to  remove  stagnant  water  and  a  sample  representative  of  groundwater 
conditions.  Wells  should  be  sampled  within  3  h  of  purging  (optimum)  to  24  h  after  purging 
(maximum,  for  low  recharge  conations). 


3.  RESPONSSmilES 


Site  Manager  The  Site  Manager  is  responsible  for  ensuring  that  field  personnel  are 
trained  in  the  use  of  this  procedure  and  for  verifying  that  development  and  purging  are  carried 
out  in  accordance  with  thb  procedure. 

Project  Field  Geologist:  The  Project  Hekl  Geologist  is  responsible  for  complying  with 
this  procedure. 


4.  REQUIRED  EQUIPMENT 


•  Pump,  pump  tubing,  or  bailer  and  rope  or  wire  line. 

•  Power  source  (e-g.,  generator),  if  required. 

•  Water-level  meter  or  weighted  surveyor’s  tape. 

•  Temperature,  conductivity,  pH,  and/or  dissolved  oxygen  meters  (for  Sect  S.2  below). 

•  Personnel  protective  equipment  as  specified  in  the  site-specific  health  and  safety  plan. 
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•  Decontamination  supplies,  if  required  on-site. 

•  Disposal  drums,  if  required. 

5.  PROCEDURES 


5.1  WELL  DEVELOPMENT 

The  following  steps  must  be  followed  when  developing  wells: 

1.  Put  on  personnel  protective  clothing  and  equipment  as  specified  in  the  site-specific 
health  and  safety  plan. 

2.  Open  and  check  the  condition  of  the  wellhead,  including  the  condition  of  the 
surveyed  reference  mark,  if  any. 

3.  Determine  the  depth  to  static  water  level  and  depth  to  bottom  of  the  casing. 

4.  Prepare  the  necessary  equipment  for  developing  the  well  There  are  a  number  of 
techniques  that  can  be  used  to  develop  a  well  Some  of  the  more  common  methods 
are  bailing,  overpumping,  backwashing,  mechanical  surging,  surge  and  pump,  and 
high-velocity  jetting.  All  of  these  procedures  are  acoepuble;  however,  final  approval 
of  the  development  method  rests  with  the  appropriateness  of  a  specific  method  to 
the  site  and  the  Hazardous  Waste  Remedial  Actions  Program  (HAZWRAP)  project 
manager. 

5.  For  screened  intervals  longer  than  10  ft,  develop  the  well  in  2-  to  3-ft  intervals  from 
bottom  to  top.  This  will  ensure  proper  packaging  in  the  filter  pack.  Note:  It  is 
good  practioe  to  develop  aD  soeeaod  and  fitter-packed  weDs  in  stages. 

6.  Continue  well  development  until  produced  water  is  clear  and  free  of  suspended 
solids.  Record  pertinent  data  in  the  field  logbook  and  on  appropriate  well 
development  forms  per  HAZWRAP  SOP  1,  Parts  A  and  B,  respectively. 

7.  Remove  the  pump  assembly  or  bailers  from  the  well,  decontaminate  (if  required),  and 
clean  up  the  site.  Lock  the  well  cover  before  leaving.  Dispose  of  produced  water  as 
requited  by  the  project  work  plaxL 

52  VOLUMETRIC  METHOD  OF  WELL  PURGING 

The  following  steps  should  be  followed  when  purging  a  well  by  the  volumetric  method: 

1.  Put  on  penonnel  proteaive  clothing  and  equipment  as  specified  in  the  site-specific 
health  and  safety  plan. 

2.  Open  the  well  cover  and  check  the  condition  of  the  wellhead,  including  the  condition 
of  the  surveyed  reference  mark,  if  any. 

3.  Determine  the  depth  to  sutic  water  level  and  depth  to  bottom  of  well  string. 
Calculate  the  well  volume  (volume  of  water  within  the  well  bore)  using  the  following 
formula  (or  equivalent): 
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7.4805 


volume  (in  gallons). 


where 

D  —  casing  diameter  in  feet  (NOTE:  This  equation  is  used  for  grouted  wells  with 
short  screens.  For  wells  with  long  screens  and/or  ungrouted  wells,  then  D  = 
borehole  diameter  in  feet) 

dH  s  the  distance  from  well  bottom  to  static  water  level  in  feet 
Note  these  data  and  calculations  in  the  field  logbook. 

4.  Prepare  the  pump  and  tubing,  or  bailer,  and  lower  it  into  the  casing. 

5.  Remove  the  number  of  well  volumes  specified  in  the  project  plans.  Generally,  three 
to  five  well  volumes  will  be  required.  In  iow-recharge  aquifers,  the  well  will 
commonly  pump  or  bail  to  dryness  before  three  well  volumes  of  water  are  removed. 
If  this  is  the  case,  there  is  no  need  to  continue  with  purging  operations  (HAZWRAP 
Position  Paper  No.  2).  Record  pertinent  data  (e.g.,  water  volume)  in  the  field 
logbook. 

6.  Remove  the  pump  assembly  or  bailer  from  the  well,  decontaminate  it  (if  required), 
and  clean  up  the  site.  Lock  the  well  cover  before  leaving.  Dispote  of  produced 
water  as  required  by  the  project  worit  plan. 


4r 
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INDICATOR  PARAMETER  METHOD  OF  WELL  PURGING 

1.  Put  on  personnel  protective  clothing  and  equipment  as  specified  in  the  site-specific 
health  and  safety  plan. 

2.  Open  the  well  cover  and  check  the  condition  of  the  wellhead,  including  the  condition 
of  the  surveyed  reference  mark,  if  any. 

3.  Determine  the  depth  to  static  water  level  and  depth  to  bottom.  Lower  the  probe(s) 
of  the  indicator  meters  (e.g.,  temperature,  conductivity)  into  the  water  to  a  point 
near  (but  not  at)  the  well  bottom  or  use  the  flow-thiwgh  system  for  indicator 
parameter  measurement  Alternatively,  set  up  surface  probes)  (e.g.,  pH,  dissolved 
oxygen)  at  the  discharge  orifice  or  dedicated  probe  port  of  the  pump  assembly  or 
within  the  Qow-through  chamber.  Allow  subsurface  probe(s)  to  equiUbrate  according 
to  manufacturer’s  specifications.  Record  the  equilibrated  readings  in  the  field 
logbook  together  with  the  time. 

4.  Assemble  the  pump  and  tubing,  or  bailer,  and  lower  into  the  casing. 

5.  Begin  pumping  or  bailing  the  welL  Record  indicator  parameter  readings  at 
predetermined  intervals.  Maintain  a  record  of  the  approximate  volumes  of  water 
produced. 

6.  Continue  pumping  or  bailing  until  indicator  parameter  readings  remain  stable  within 
110%  for  three  consecutive  recording  intervijs.  Purging  should  continue  until  the 
discharge  stream  is  clear.  In  Iow-recharge  aquifers  the  well  may  pump  or  bail  to 
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dryness  before  indicator  parameters  stabilize.  In  this  case,  there  is  no  need  to 
continue  purging.  Record  pertinent  data  (e.g.,  water  volume)  in  the  field  logbook. 

7.  Remove  the  pump  assembly  or  bailer  Grom  the  well,  decontaminate  (if  required),  and 
clean  up  the  site.  Lock  the  well  cover  before  leaving.  Dispose  of  produced  water  as 
required  by  the  project  work  plan. 


6.  RESTRICnONS/UMTrATlONS 


Where  flammable  Gree  or  emulsified  product  is  expected  or  known  to  exist  on  or  in 
groundwater,  use  only  intrinsically  safe  electrical  devices  and  place  portable  power  sources  (e.g., 
generaton)  SO  ft  or  more  Grom  the  wellhead  and  disposal  dnims. 

7.  REFERENCES 


Driscoll,  F.  G.,  Groundwater  and  Wells,  Second  Edition,  Sl  Paul,  Minnesota,  Johnson  Division, 
1986. 

U.S.  Environmental  Protection  Agency,  A  Compendium  of  Superfund  Field  Operations  Methods, 
EPA/540/P^A)01,  1987. 

U.S.  Environmental  Protection  Agency,  Manual  of  Water  Well  Constmcdon  Practices, 
EPA/570/9-75-001,  1975. 
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Problem:  Significant  shifting  of  retention  time  and  loss  of  resolution  for  ethylbenzene 

and  xylenes. 

Criteria:  Per  SOP,  calibration  should  show  consistent  retention  time  and  separation  of 

peaks. 

Impact:  Samples  ran  during  time  GC  was  out  of  control,  some  tentative  identification 

and  quantification  of  compounds  based  upon  information  from  retention  time 
data  obtained  from  extra  standard  runs  daily.  Samples  will  be  rerun  when 
back  on  line.  /-o  , 
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2.  PROPOSED  CORRECnVf  ACTION.  SMLUOtNQ  StfTUTION  AND  COMPLETION  DATES 

Check  temperature  program,  carrier  gas  flow  rate,  carrier  gas  pressures,  connectors  for 
leaks,  cycle  through  program  shooting  standards  monitoring  standards  data  01/29  through 
02/01/91. 


TO  BE  PERFORMED  BY: 


S  CORRBCTTVI  ACTION  COMPilTB 


CC:  PROGRAM  MANAGER 


Z  mW  (•iJwTTFTrTj. 


QUAUTY  ASSURANCE  MANAGER 
QUALfTY  ASSURANCE  COORDINATOR 
CBNTRALFUB  - 


» 


I 


CIHROMrt~roeFt#E^M 

F’lLE  C  s  STSDX  1  _  F='f=^IM 
J.3aJ.«ysO'7  O  JL— 30— J- 

FULLSCALE  MILLIVOLTS  64 


6.317 


9.8: 


10.683 


I 

.1- 


12.617 


13.867 


._:===■•  15.633 

16.167 


*  ■  ^ 

-  r  -^UjL 


% 


% 


I 


» 


I 


SKYM#=^F^BOR  •“'MO 
FILEIM^ME 
J-3  a  s  O'T'  Oi  — 

ST^RT  of:"  DF^Y 


EIMXX  #^Z  ,  RROaECT  ± 
C  a  STSD  J.  J.  _  RRIM 
30— n 
JLJ-  STC^MDF^RD  Sul  ^OtU 


ket.time 

PEAI-  AREA  HEIGHT 

AREA7. 

NORM’/. 

EXT. STD 

INT.STD. 

PE  HI- NAME  HE  - 

7  --i  -►  T 

816.35  53.46  3 

9.8579 

37.87 

161.95 

161 .9519 

VC  A. 5  OCR 

9.033 

01.76  13.61 

3 . 9892 

1.37 

5.87 

5.8719 

BENZENE  -.r 

1'.'.683 

462.07  38.52  2 

2.5467 

16.75 

71.64 

71 . 64t;.3 

TCE  U  '  .  ■: 

12.617 

142.23  17.93 

6.9401 

2.19 

9.34 

9 . 3440 

toluene 

13.067 

117.06  13.56 

5.7119 

14. 71 

62 . 90 

62.8953 

PC£  i  3  . 

1 5 . 633 

252.61  22.74  1 

2.3261 

5.04 

24.98 

24.9766 

Gk'MX  YL  1  5  .  t 

16.167 

96.20  18.04 

4.6941 

2.41 

10.32 

10.3249 

PXrL  ;  =  . 

DILUTION 

FACTOR  =  1 

total  number  of  feai-s  detected 

8 

AREA  REJECT=  5';' 

TOTAL  NUMBER  OF  IDENTIFIED  PEAH S 

7 

USING  SI- 

yHhPB  .  CP  7  ,  ' 

ONLV  IDENTIFIED  PEAf 6  WERE  REPORTED- 

-other  PEAi-  S  may  HAVE 

BEEN  C'c 

'fc-;.  t  EL' 

’"O'^AL  UN- 

■CORRECTED  ‘^EAI-  AREA 

';i49 . 394 

TOTAL  normalized  PEAI-  AREA 

4 

27.0283 

I  rjTEPNAL 

STANDARD  CORRECTION 

FACTOR 

1 

INTERNAL 

standard  peah  name 

AT  TIME  1 

totmL  HYDROCARBONS ' toTa 1  peak 

area  t 

-ising  TPH 

cal. curve  ' 

2299  .  ■'9 

^  '  1  1  A-.  - 

» 


> 


I 


I 


•  •  • 


•  •  • 


I 


*  >  d-IROM^'TOOR^M  F*l_OT 

•  F^Il-E  C  s  EDSD 13  -  f=^RM 

.  21  a  5^  s  33  OS— Ol  — 

|| 

*  ‘^ULL^CALE  [  UL  I  ^'’OL  Tb  129 


--/O' 

'<iv  1__ 


:=====  ==— #.800 
— ===— ?0t7:.3 


I - ===3=a==|g;g83_____. 


:  =  =  =  =  ='  =  T-.31  ’ 


!■  1^.300 

I  1^.7?0 


»  < 


SKYM^RBOR  RMOEM  I  X  #=^Z,  RROJECT 
F=- I  C  s  EDSD13  -  RRIM 

SI  a  a  33  OS  —  01  —  1*?*^1 

eiNiD  OR  D^Y  STD  -  ®  Si_»l_  lOO  -►-  S«-»l_ 


HI  B 


■  El  .  '1'  1 

t-r-AK  k'jPEA 

heigh 

AREA/. 

NORMV. 

EYT.STD 

IMT.5TD. 

t-  PA''  >ME 

‘- 

1 9'  "!' ,  2  i 

1'09 . 3' 

)  1D.D332 

29.41 

8/4.74 

874.  -’409 

T  3  A*'D"35 

■■  P'-n'j 

i  r  .  ’2 

144.7' 

14.7312 

5 . 46 

198.8’ 

1 WQ  ,  B't‘02 

EFt'i  ;•  £"(E 

13  91.  .O''^ 

111.7' 

11.F205 

9 . 9i;' 

274 . 12 

274 .1245 

tce 

-  ■  -  ■ 

1 1  F>  D  .  6  3 

94 , 8< 

)  1'0.293F 

4.82 

148,54 

149 . 5396 

TOL'JEriE 

1  '  '  ,  7^3 

1  1'='2 . 35 

99.  D< 

'  l0.2Fi6 

I2.7<;t 

39i;i .  9'0 

39r.' .  3905 

P'35 

1 1; .  *  *0  "- 

H57 . 19 

R4. 1' 

)  7 , 3.98fc 

5.19 

15R . 66 

1 5* . 3612 

E  VHpt  N  ■ 

1  2. 

1 2-71^ 

i  5  D  D  .  ''i  E 

142 . 7< 

'  14,2954 

8 . 30 

255.57 

255  .  DtoFu'.i 

L'T'f''  ‘  ' 

"  ' 

1  2  .  ^67 

i:::62.  D6 

80.  D' 

)  10.8R75 

7.75 

238. 5b 

239.5d34 

F  >  T  L 

■  ^  1 

I L'.rr  f  0^J  F3<'3TOE  =  1 

rOTAL  'MUM^'F-E'  OF  F’EmI' 9  OETElTFD 
I'L^TmL  MUMbF.F  CiF  identified  F’EAH  5 


AF'EA  FEJECT=  DO 

05  I  ME  El"  rUtTFE 


ONLY  U  'EN  I  I  F  I  &  0 


EEA^y  WFFE  REPOKTED-OTHER  peaks  may  have  PEEN  L'fcltU 


rOTAL  UI0-'.','JRPtlCT£D  PEhK  AREA 
irriAL  MQPMmLI/-FD  fEAK  AREA 

-occr-r-T  T  riM  c  ■  -  ■ 


1 1.D3D  .  74 

307R  .  ;,t9V 


•  < 


I 

I 

{ 

[ 

I 


* 

•  t 


I  * 


1.  NONCONFORMANCE  DESCRIPTION  | 

'S*>yv\fi.€i>  Scast  -rx,  Tft€  LA-60ftAT»Ay  otoO  *yet^  f=o<  [ 

uJ«icH5A.<vA^tc3  -f^  oA»  -Two  c-«0  */£■  /»cA/r/iC/«  ,^ujn«M  I 

/'^iSccr)ww»>>N,t>Tie>/Nl  /a^  /^ot  Po(t  M/tAvy5/i.  SArti^cCi  i 

Sll-ai-S’-^  frAjj  S6i-0i-li--z,^  (tiwic  Sc,>i€:poc'C0  A«»rcy>S^'  OA/ty  /  S^^ftC  Fgx/yn  ruts  i»/(//4  \ 

AA/AcyooiJ.  4<,io^  SArr)fci  S%l-CI-  S^-SX  ‘aaatS  W£>T  A/VAtyier^);  i  Sa^^cC  -nns  j 

uieir.  c<J«£v<.  /cA^  C>4-“'  Thftf/C' TO  JiT  ^)At.f\.SC  fHirtfl  B'ACH  Sbdtr46.  ! 

/^ss  0  r -rt*<.  \JaA  AM05>f«A  uJi^c  Max  CAyseT  S/aa/acaajt  /mf*c.-r>-n>  -mC  /teojrcr /££S^;t7S.  ^/V,  j 

//A3  Ce^ieLC  Jmta  p<3i»vi>r  cz'Asr  or^e  ic^H.  fict-O-icJC^.  3  /^t^pCs  o^ef^cArsfiJcr^c  \ 

OaJ  Ai-<.  SArv\P(^  AMt>  cArri  8^"  jieZ> /K.  af  -tmC  f^CtiOC  e><  iiSsCt\/OC  oFkUSS  cat^TAMi/tAtl^. 

Tf^(  A(NA<<SeS  wj ?IU>Oi»C  ■Scfyyt^  Aev€L<Z  /AlPtc^-nOrS'S  af^  Ca /OTAAA/Xt*-T7»\I  fhtt  tH-<.SArKPc^  | 
7HCX.0&S  pATA  oJ/<-c  ieuJciL-nf-e  "onnPi-eTBAitss  ' e> SJecn'Ji^r ^oTiMiu.  tUo xti/Tsiec/Pj^Ji 

</6/vj/A7mWc^'^  identified  BY:  ^  DATE:  j 


NONCONFORMANCE  REPORT 


PROJECT  5X 


NR  NO. 
PAGE  . 


/ 


OF 


PROJECT  NO. 


DATE:  Feg  Si 


«V 


I 


5>'. 


2.  PROPOSED  CORRECTIVE  ACTION,  INCLUDING  INITIATION  AND  COMPLETION  DATES 

/.  5Am/f£3  S8I-OL  eKC£«:ieO  TinA^  hf  VeA  tvAi0^ya>A  a«o^  Aat*  caaj  Oi)Tg^  (2£-c4>J«^ 

2.  5A^At<L!>  HtMAi  Sfer-oL  caaJ  ftf'Sc.RiUJtex)  Ant  m>i*/aJ<  r,«^ 

3.  Sam(cC  SiX- 0!  ■  fo  •  S'*-  MajC  C)«gi#fO  /*0t4>/AJ(  r.Aig'  p^A.  <©*  A»*0  S^oA  4«J0  ^An  c*«»>*.rr  *e'  iKiCklrtCO  ' 

•y,  ^AAtA*"  5tSl-£>/-S»-ri'  -To  ?<"  ^CA«>Jfc£D  fcX.  7/tt  f^fiTAL.  AW*l»i>  5  t  i  i 

<  f.nj£S  /HSmiSCr<$rA  Fo/t.  SMhfuS)  TO  gg"  A<AM.1X.*^0 -W  uA/L/mBr^  CA&  jy 

TO  BE  PERFORMED  BY:  ^.5Aca>/M&#/-Y/  hccO>tff/i*^s-  ^eP<F,un>* 


3.  APPROVAL  FOR  PROPOSED  CORRECTIVE  ACTION^  ■ 


/ 


Qual 


/smm 

Date 


4.  CORRECTIVE  ACTION  TAKEN  (IF  DIFFERENT  FROM  THAT  PROPOSED) 


5.  CORRECTIVE  ACTION  COMPLETE 

PERFORMED  BY: 

VERIFIED  BY: 


'—i » 1— 


DATE: 

DATE: 


.  -'=^ 


CC:  PnOQRAM  MANAQER 
PROJECT  MANAGER 
QUAUTV  ASSURANCE  MANAGER 
CXJAUTY  ASSURANCE  COORDINATOR 

central  FILES  _ 

OTHER:  _ 


I 


THIS  DOCLMEXT  WAS  CONFIRMED 

(REDUCED  SAMPLE  ABOVE  -  SEE  DETAILS  BELOW) 

**  COUNT  ** 

TOTAL  PAGES  SCANNED  :  3  * 

TOTAL  PAGES  CONFIRMED  :  3 

RESI  l.T  ()l  l.ASI  liAICII  SIAT 
SIAD  *** 

RINIOil  STATION  SIAkI  11  Ml  Dl  K  A I  ION  .  »P  AGliS  MODI.  KiSII.IS  * 

1  CLRKITOc.  1;a’2-01  1  1  :  HAM  2  oi.)"  !  3/  3|  ;  C(;MPLETLU 

I  DOOO 

roi  \L  .):o2  0(>'  M 

N<  )'n  : 

OPl.RAIION  Nl  Mlil.K  -in  ;  4HoobPS  SII.ICIi:!)  I.C  l-KKOk  LOKkIXT  G2  G2  CoMMI  N I C  \  T I  ON 

PI)  polli:d  liA  kEMoii:  si  sroki  Si  rokwAku  ki  kli  aa  initiate  ks  :  kelaa  si  ai  ion  • 

Ml)  SIND  ro  MAll.DOX  PG  POLLING  A  KEMOII  Ml*  Ml  1 .  T I  -  POLL  I  NG  KM  KICEIAE  TO  MEAlOkA 


ril 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


I  Z  ^  ) _ I  11‘^^g'ST 

,  Otner  PariiciDants  —  Name/Location/Representing: 


RECORD  OF 

□  MEETING 


Proiaci  Name 


Numper  i  Phase  I  Tasu  ■  SuOtasu 


CALL  FROM®  NAME: 

CALL  TO  □  j-Veog,  SQ.re^ 

call  FROM  O  NAME; 

CALL  TO  g  fAa.Ac, 

Teiapnona  Numper 


Company  Name: 


XTA-i»-  Cee.?.iTt5 


fU«jo<2-  ANAtcys^rs.. 


Zip  Code 


Oistnpulion: 

Original  to  Proiact  Fila 
Copy  to  Proiact  Manager 
Copy  to  Preparer 


JP  Other  Oiatnbution  (By  Preparer) 


PAGE  OF  _2e- 


S4tA.a-ar  ^ 


03 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


iz  Tes  ^1  csr 


Other  Particioants  >>  Narr^e/Location/Pepresenting 


5/<C/  fh^-^ofL 


Summary  (Decisions  &  Specific  Actions  Requireo  Oy  Named  Persons): 


RECORD  OF 


0  TELECOM 
□  MEETING 


Project  Name 


Numoer  1  Phase  I  Task  ,  SuBtask 


j  CALL  PROM^  NAME.  - 

'  call  to  □  5  CX.C'C^'^ 


Telephone  Number 


Company  Name: 


Address: 


IETAS  ^  OsAA  i  4o  s 


Zip  Code 


ir\A  ivh  ^  4-«  v>J€-€_yL^ 


5oV€-oOle_ 


<31^  SooVi  oj^ 


^  k-lAO  <>0 


-Vo  'i>r\cl.i  c^ll-Vp 


4^\)^Oc\\  Dl^ 


llej’aS’l 


UFA- 


Distribution 

I  Original  to  Protect  File 
Copy  to  Protect  Manager 
Copy  to  Preoarer 


(j}- Other  Oistnbution  (By  Preparer) 


- 


PAGE_ic:OF 


•  i 


4 


» 

V. 

«.  4 

« 

$ 

i 

1 

ta 

d 

1 

J 

tA 

9* 

< 

a 

\ 

i 

o 

5 

1 

In 

i 

v/ 

d 

i 

V 

— 

111 

w 

3 

1^ 

N 

i- 

1 

ti 

0- 

O 

SO 

(A 

(/) 


< 

CE 

O 

u. 

H 

(/) 

UJ 

3 

o 

UJ 

oc 


Q 

LU 

0. 

I 

CO 

CO 

UJ 

—I 

0. 

< 


S3 

f3| 

< 

< 


< 

z 


o 

o 

> 

cc 

p 


w  yj 

UJ  ° 


< 

o 


< 
cc 
o 

ffl  CQ 

<  < 


cr 

o 

CL 

UJ 

CC 

CD 

< 

_i 

Q 

Z 

UJ 

CD 


csl 

o 

§1 

3" 


CM 


cc 

UJ 

CO 

s 

3 

Z 

CC 

UJ 

t- 

z 

UJ 

o 


x 

o 

2 


a 

UJ 

gc 

3 

o 

UJ 

cc 


d 

z 

UJ 

z 

o 

I 

0. 

J—  J— 

o  o 
<  < 
P  P 
z  z 
o  o 

cj  o 


cc 

o 

0-  (-  I— 

woo 
cc  Ol  UJ 

tii  3  “ 

^  £ 


/O 


«sJ 


J 

J 

3 

s, 

■3 

Z 


[3 


oc 

UJ 

UJ  CD 
2  2 
<  3 

Z  Z 


G  b  ^ 

UJ  UJ  ^ 

3  3 


CC 

UJ 

z 

< 

2 

t3 

UJ 

3 


o 

oc 

0. 


oc  oc  oc  oc  ^ 

CL  CL  a  OL  o 


>0 

VC 


CC 

UJ 

Q 

oc 

o 

UJ 

X 

o 

(L 

3 

CL 


Special  Inetructions  j 

T - 

Requested  Testing  Program 

C 

35 

c/ 

> 

cr 

Ci_ 

h 

■I 

r* 

0 

3 

3 

> 

. 

f-i 

vA 

2 

< 

d. 

J 

St 

o 

3 

L/' 

<1 

3= 

Preservative 

<j 

o 

T 

% 

w 

o 

— 

% 

-3 

o'- 

>■ 

J 

\ 

Si 

c 

ZE 

V. 

<> 

:y 

*c 

Sample  Volume 

w 

9 

4 

•< 

la 

c  { 

«  J 

u 

* 

1 

V 

>A 

1 

s 

J 

V 

'i 

t 

< 

n2 

i 

1 

.-J 

■< 

✓ 

5 

tt 

7 

>« 

Ja 

a. 

o 

'P' 

J 

Q 

3- 

M 

Csi 

Sample  Type 

J 

4 

or 

_  N 

J 

S/^ 

V 

U> 

U. 

< 

3 

Sample  No. 

1  0 
O  * 
*  c 

?5 

• 

1 

.  a 
.«i« 

o« 

o'* 

1 

A 

1 

•WT 

aO 

fl 

( 

!s 

a 

1 

e 

►- 

1 

w 

o 

H 

»0 

A 


M 


(J 

o 

2’-' 


®  9 
Ol  5 


tf)  O) 

o  o 
“  -O 

t>  ® 


3  ® 
w  -O 


?  S 


LU 

> 

LU 

o 

o 


<0 

s 

o 

9 

5“ 

(X 

>. 

2 

to 


n 

T3 


2 

a 

a 


O 

LU 

D 

o 


UJ 

GC 

UJ 


O 

z 

D 


o 

GC 

< 

Z 

GC 

D 


3 

CC 


X 

i 


<A 

s 


2 

(5 


o 

"D 


eo 

£ 

O 


Z 

o 


< 

o 


)- 

z 

UJ 

9 

Q 

cc 

I 

ui 

9 

CO 

(O 

o 

0. 


£ 

o 


£ 

O) 

z 


£ 

« 


E 

E 


IB 

3 

£ 


A 

h 

Ji 

J 

f 


V 

J 

4 


j 

* 


9 


?if 


5“ 


•  • 


•  • 


XI  '  i 
6  6  < 
2  Z  3 

O  O  r 

c  c 

o  o  u, 

o  o 

<  O  'A 

c  o 


2S2 

SO«  cc  uj 

ipi  ^  I  I 

S^8  5  z  = 


B 


i-  t—  k- 

O  O  O  o 

III  Hi  li  I 


UJ  Ul  UJ 


O  O  O  ^ 

OC  (C  OC  d 

Q.  a.  0.  CD 


1— 

o 

< 

o 

o 

Ul 

cr 

1- 

K 

Z) 

J- 

2 

h- 

o 

o 

o 

CC 

UJ 

< 

o 

o 

oc 

K 

>- 

CL 

h- 

2 

oc 

111 

oc 

o 

o 

cc 

O 

c 

1- 

< 

a: 

CD 

< 

_t 

CL 

UJ 

OC 

1— 

o 

UJ 

O 

o 

UJ 

-j 

CD 

2 

1- 

o 

< 

Ul 

< 

oc 

_i 

CO 

o 

0. 

^  -C  — 

O)  C  Q 
a  *0  5 

f  1 


3  o 

"  l\l 


I  .5  I 

i  ?  1 


a 


WHITE  -  Original,  to  accompany  samples  i  ^t. 

YELLOW  -  Field  copy  -H:  ^  -fc,,  Tpiv 


WHITE  -  Original,  to  accompany  samples 
YELLOW  -  Field  copy 


4 


Q 

LU 

Q. 

a 

I 

(/) 

C/5 


z 

o 


2  a  I 

W  2  t- 

>  <  CO 

^  CO  UJ 

<  UJ  Q 

Z  1?  5 

^  Q  _l 

C 

o 

II. 


M 

UJ 

3 

O 

lU 

cc 


< 

O 


:  5; 

•  *, 


i  $. 


S  X 

c 

o 


o 

o 

a 


o 

a 


s 

r 


§  s 

«  • 

3 

£ 


Q. 

E 


!n 


I  1 

<r=  I 


o 

UJ 

a 

D 

O 

UJ 

{£ 


o 

z 

D 

O 

X 

< 

z 

X 

3 


i?  E 
^  E 


z 

o 


< 

u 


z 

UJ 

9 

o 

X 

< 

N 

< 

I 


(O 

O) 

O 

a 


1'^ 


o 

a. 


a 


3 

K 


0 

V 

■4 

U 


a 

E 


O  Q. 
—  O 
— -  o 


a® 
c  u. 
O  • 

•  $ 
UJ  o 

t  J 

U 


k 


n 


I 


uo 

oo 

00 

(Ti 


0 

2 

0 

z 

0 

w 

0 

w 

(T 

\ 

c 

0 

0 

c 

0 

0 

rJ 

r4 

< 

0 

\ 

0 

li 


2 

i 


a 


7 

& 


0. 
a. 

•I 
cn 
(/> 

UJ 

CO  a  z 
<0  2 

2  CO 

<  ai 

5  i 

oc 

o 

u. 

K 
<0 
lU 

3 

O 

Ui 

oc 


H" 

0 

< 

0 

Q 

UJ 

CE 

i- 

1- 

2 

t- 

0 

0 

cr 

UJ 

0 

0 

0 

CE 

H 

CL 

K 

< 

nr 

UI 

CE 

Z 

U. 

0 

OC 

0 

H 

H- 

m 

Q. 

(/) 

< 

< 

UI 

LU 

cr 

_i 

CE 

Q 

0 

Q 

LU 

GQ 

cn 

2 

h- 

< 

< 

UI 

< 

_i 

CO 

0 

/— J 

0 

1 

0 

1 

cr 

'Z 

<3 

% 

c; 

•i 

ur 

<t 

\ 

.3 

J 

J 

« 

« 

>  ^ 

J 

J 

2 

fV 

a~ 

J 

-» 

0 

T 

zS 

J 

•  9 

L/1 

oc 

QC 

UJ 

UJ 

C3 

UJ 

00 

< 

2 

2 

2 

< 

D 

< 

Z 

2 

2 

t— 

H 

h* 

0 

0 

0 

UJ 

UJ 

UJ 

-> 

-> 

~> 

0 

0 

0 

OC 

OC 

oc 

0. 

CL 

(L 

m 


o 

z 

cc 

UJ 

Q 

(C 

o 

UJ 

CO 

< 

I 

o 

oc 

D 

0. 


I 


2 

H 


>p 

if 


<1 

I 


ji 

HI 

o 


^  § 


3: 

Q- 

'H 


o 


s 


y 


O  ' 

•  X* 


•  rt 
nO| 

%  • 

o 


I 

w> 

!3« 


»'«A 

ifl. 


o 

g«i 


4/ 


JI 

I 


0 

O' 

J 

o 

si 


'^9Ih^ 

O  H 
M  \  51 


0 
‘^oi 

?s3 

r4 

Cl 


J 

K1 

-i 

< 

O 


VJ» 


o 

'J) 


1^4  ^J[ 

o*^ 


J! 


I 


£ 

5 


5  X 

5 


£  ® 


3  O^v 

-  t\i 


o 

a 


A 

T3 


3 

CC 


^  ! 

» 

.0  ) 

(O  I 

I 

I  S 


CC 

D 

O 

UJ 

oc 

UJ 

2 


o 

z 

D 

O 

OC 

< 

z 

CC 

D 


?  E 

t  E 


z 

o 


< 

u 


z 

UI 

0 

o 

cc 

< 

ISI 

< 

I 


1^ 


OB 

*0 


S 

oc 


rO 


y 

hi 

-N 

? 


5 

j 

J? 

i 

D 

it 


“  I 

CO  c 

o 

O  2 


«  £ 
t  2 


< 

tf) 

O 

a 

(0 

5 


0. 

2 

< 

</) 


o  a 
—  o 
u 

Ss 


o  ■ 

■  5 

UJ  o 
t  J 


I 


CO 


m 

6 

Z 


o 
z 

o  o 


o  o 
<  o 
C  o 


J 


1  1 

'  i 

1  : 

>1 

' 

u 

0 

fO 

K 

f 

J 

M 

U 

:.3 

I 

b 

3 

M 

^  o 

J 

» 

1^ 

-fO 

a 

) 

r 

-1 

3 

0. 

0. 

X 

w 

(/) 

UJ 


U) 

>• 


< 

oc 

O 


(0 

UJ 

3 

O 

lu 

e 


z 

o 

< 

z 


o 

< 

I- 

z 

o 

o 

> 

cc 

o 


<  w 


CO  Ui 

o 


< 

o 


< 
cc 
o 

CQ  CQ 

<  < 


i 


fO 

& 

n 

J- 


z>*5 

SoQ 

h2S 

Sgl 


cc 

o 

a 

UJ 

cc 

CD 

< 

-J 

Q 

z 

UJ 

CO 


Q 

UJ 

cc 

u 

o 


cc 

o 

CL 

Ul 

cc 


< 

o 


o 

z 

UJ 

z 

o 

I 

CL 

h-  H 

o  o 
<  < 
h-  h- 

z  z 
o  o 
o  o 

o  o 

UJ  UJ 
-5  “5 

o  o 

cc  cr 

CL  CL 


c! 

^1 


D 


2 

hi 


5 

c 

J 


13 


C/0 


it 


oc 

cc 

UJ 

UJ 

o 

UJ 

CD 

< 

2 

2 

z 

< 

D 

< 

z 

Z 

2 

H 

H 

o 

O 

O 

o 

UJ 

UJ 

UJ 

H- 

-5 

-5 

—> 

o 

O 

o 

DC 

OC 

oc 

a 

a 

CL 

o 

o 

z 

oc 

UJ 

o 

cc 

o 

UJ 

CO 

< 

I 

o 

oc 

D 

a. 


I 


<z 

c 

5 

< 

S- 

c/ 

n 


H 


■vOl 


!l 


<<  r 
o 
«0 


c 

> 

J 


X 


3 

w 

V/ 


i 


c 

7 

> 

rv 


¥ 


Ji 


•^c  < 

Oi  o 

•  d  « 
*<•  H 


:  1  _ 

i  0  J 

i-n 

ill 

4r 


2 

3 


o 

o 


o 

H 


□I  c 

«  s 

2  § 
3  o 

•  o 

£  •• 

•  o 


5. 

A 
3 

“  TS 


□» 

(0 

c 


o 

(L 


T> 


a 


I  I 


a 

E 


1 1 


o 

UJ 

tr 

3 

O 

UJ 

CC 

UJ 

S 

V- 

O 

z 

3 

O 

c 

< 

z 

cc 

3 


Z 

o 


< 

o 


z 

UJ 

o 

o 

oc 

< 

5! 

z 

UJ 

o 

i 

o 


IN 


n 

^  E 


O  S 
3  O 

S  o 

^  I 
S  I 


< 

tn 

O 

0. 

to 

5 


0. 

2 

< 

CO 


CD 

? 

> 

S 


J 


T 

) 

IsJ 


<nJ 


J 


o 


S  & 

_•  o 


O  • 

-  5 

UJ  O 


5? 


4 


J 

f  A.AA  S  *  to  j  -j^  Cmt— ^ 

-1^  cSL*' ^  CflO*^ 

"^u-'T”  ?Cv“*Ofc—^€^  '  .  C*<*.»nA-r-^«.r ^  ^  \.w^  ^^'ylava^* 

V/i.  i  V  «r4  W  -  U)  *  U.  D ,  ^  ^  ■  P^.  VV«  j  ' 

—  _  ,  _  O.  . 

tJe^.  C~eA.  rex-e-I  o^  5»v — ^^e.  sW.  ^^e — .-^  uj>.-tii 

(^  C-e-rr.  -fc^jD  , _ &■  AA^/sV**.  -to 

S«u-^^lfe.  Sg"^ -o^  -  to  -  Ut -0^,02  ■^_,. 

<wJL  ~rp ^  ^ _  ■ 


«SI^ 


C>£«-SC. 


art  W  FeJl  ^ 


GaLr-iLl-e.  -  cSLe^--t  '2x*-5C- 


Vvt*-n‘>  I 
-  H  -  H  V  \ 

bu««.xJ-ve.-  ■  ^  eU-iLi  (o^°^  ^ 

Wc.e-fc'^i  ^• 

L-T"?e^>e^-xA  " 


^rr  .ve  <2£,-iO.  C'ce^  -^-fcer-iis 


-^ot-  s< — ■ — ^U' — ^  fl-'t  ^  ••tc-  M; 

^rr.vit^  O.^  “iivte.  S,  a_c  CKiO  a--^  s 


S«t.  -o^  CL^  U4je.^^ 


M-LOH’-OV.  iLrv^  Kr. 

^t:ur^<^  S'-'.  .oe^-e,  a.U.e  t=,  o.-^  cuSlii.t»~^V 

^  «»>».  .  ^  o-t.«-\.  volu-».«-  ^cc 

6*^  v-oV^..-€-  c«rfe-.-t  ooccte<- 

wvtU  XT'  W-*s/vUe_  a-^  tp  ■^‘'  >'^~P^'-V 

tU.  i  \>^y  iVotJ 


ol-CL  40 - cuitll.  .  TW.i  y»v-^Vc_  C*.^ 

_ ^V«  ^  \Xe-.-v:X«<5^ ‘^3-‘ll  <-oere,  SW*‘^|o<<L  O- 

wo. 


^ W-A.  WAc.r  r.—vect*  >-0  QC-”  E^tO 


*^0 


O-X  • -  a-W-^  WOry 


S*^^^**  -to 


r 


^-e  o>- Co. —  ^.'eooc.o 


^e-^p  ^  crV  ^  ^ 


^^cc.^,  <;iL  \o 


-  W  t— "CW^.rC  '^•“'  'C^-OA.^  ^  J 


StcCo. .  ^ao ^  -oe  I' e.  a_"c  'C  "<?  C*.  Pr  ot.  . .' e.  -.^  .  ^V  loe. 

C-Wti - V<Ltl-  ^3C4_X^  t  Q^kJcXc^l  ^O  C-La_  '.  l\ 

So - e  re.-^ ,- .  t> «  roo  t .  o-v  . 


0.^2p'«-'"t.  OACe.  foC  ^?C50 


I  o.*.^ 


^U  eou-cU.  «.<-  '•  A./U.-  GZ-'T  PM- 


V  '  .li  .  ^  ^  e  r  ^  'i  *  V  W^r£\s.’ 


o-X  0C»  30  .  ^ 

S«-— e,  s-zti*. 

^ -'•^v  '”®'**-  "-Ml  X  ^<l->  <£ocVw  O'^  v  >Ci-Atc  c -w 

A,  — ^-  ^  ^  -^cc  ^  I  ^  ^  (^  ^  •■’J^  _ _ 


^  •  iv 


>-f  '^  .  ,-  r  1, 


- "S  *^<V.r  t  i  ~  ^O  C  A  g  j>A  CcVV 


>re.\^A  Co. . 


■  ®'»-cee‘t 


pV« '>  ip.^-^ 


4>  —  S  C-  _  CA^Saov^c,  ^_o  ..  c<-  a  <-«-<  r  q.  1= 


*^00^  6-  V .'  e.  c<o-«  <SL. 


dU  p('ev<>^‘  i-uieAA^>.__  'fc-c  'gg  Vc-  i,a  — p.'.e  i 


d ^('ev  <>^‘  i-uieAivv__  t-c.  «>e  vc-  ^.g  — i^V< 

C-U-t-v^o't  W-  C.U.A  \uiL  a_A-<.  a  g(v. 


L^wa-lely _ 


/vV^  Wp. _  ^A-eVSio 


Over-'*-v<^.v^  V  AA. 
*<-c.  r  ci..~  t  w  • 


'  ^'e._<' P- ■'t.O  r  ^ _ ^  <-a-  at-r  C  ^L-  r  ^-Ci-  .  r  Co. 


■f  f 


roVjg.  arfc  H.  Co^  C. _  c«.>U  V  c^  ^  >  -^^.rU 


<^<0  3G- 


-'■-  JU0.0  >i,^CAy 


NONCONFORMANCE  REPORT 


PROJECT  A7  ANr.  <;Vy  Harhot - 

PROJECT  NO.  ^^121 - 


1.  NONCONFORMANCE  DESCRIPTION 


NR  NO. _ 

PAGE _ OF. 

DATE:  03/04/91 


Problem:  No  sensitivity  of  PID  detector  for  TCA,  after  finding  that  TCA  and  DCE  are 

not  co-eluding  as  originally  thought. 


Criteria; 


Impact: 


Scope  of  work  required  analysis  of  samples  and  reporting  contamination 
concentration  for  TCA. 

Reported  concentration  for  DCE  will  change  along  with  detection  limits;  will 
not  be  able  to  report  confident  TCA  values. 


lOENTIFlIOEV 


DATE: 


02/02/91 


2.  PROPOSED  CORRECTIVE  ACTION,  MCLUOMO  MTTUTION  AND  COMPLETION  DATES 

Continue  program  on  present  course,  at  end  of  project  re-intergra^  DCE  values,  review 
FID  response  for  TCA  and  see  if  its  possible  to  determine  TCA  concentration  from  FID. 


TO  BE  PERFORMED  SY^ 


)2/21/91  -  03/04/91 


4.  CORRECTIVE  ACTION  TAKEN  (T  DmRENT  FROM  THAT  PROPOSED) 

Same  as  above.  UCE  values  were  reintergrated  and  corrected  values  reported,  TCA  detection 
limit  for  flD  was  high  and  resulting  curve  was  poor  and  inconsistant.  Results  reported  with 
unique  qual ifier. 


S.  CORRECnVB  ACTION  COMPUTE 


03/04/91 
DATE:  iMiZ- 


CC:  PROGRAM  MANAGER 
PROJECT  MANAGER 
GUAUTY  ASSURANCE  MANAGER 
QUALITY  ASSURANCE  COORDINATOR 
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APPENDIX  B 

PRELIMINARY  REVIEW  OF  HYDROGEOLOGIC 
DATA  FOR  FACILITIES  ADJACENT  TO 
SKY  HARBOR  AIR  NATIONAL  GUARD  BASE 


•  ••••••• 


INTERNATIONAL 

TECHNOLOGY 

CORPORATION 


Memorandum 


To 


From. 


Don  Willen,  Project  Manager  September  18,  1990 

Steve  Sares,  Principal  Hydrogeologist 


Subject  Preliminary  Review  of  Hydrogeologic  Data  for  Facilities 
Adjacent  to  Sky  Harbor  Air  National  Guard  Base 


I.  INTRODUCTION 

In  accordance  with  your  request,  i  have  prepared  a  brief  summary  of 
data  collection  activities  and  analysis  of  hydrogeologic  data  for 
facilities  adjacent  to  the  Sky  Harbor  Air  National  Guard  facilities 
at  the  Phoenix,  Arizona  Airport  (the  Base) .  These  activities  and 
preliminary  conclusions  regarding  the  hydrogeology  of  the  vicinity 
are  presented  below. 

The  goal  of  this  data  collection  and  review  effort  is  to  aid  in 
determining  appropriate  monitoring~well  placement  and  design 
specifications  for  wells  to  be  installed  during  the  Base  Site 
Investigation  (SI).  As  you  are  aware,  there  has  been  much 
discussion  of  appropriate  depth,  screen  interval,  and  location  for 
the  SI  monitoring  wells. 

Data  collection  activities  for  this  task  were  conducted  between 
July  9  and  11,  1990  and  consisted  of  locating  and  obtaining 
available  potentiometric  records  for  facilities  generally  within 
one  and  one-half  miles  of  the  Base.  Field  activities  such  as 
verification  of  well  locations  or  measurement  of  water  levels  were 
not  conducted  during  data  collection  activities.  All  findings 
presented  below  are  based  on  the  assumption  that  data  collection, 
reduction,  calculation,  and  presentation  contained  in  the  records 
are  accurate  and  complete.  Records  were  obtained  from  the 
following  agencies: 

City  of  Phoenix  Environmental  Services  Department 

Arizona  Department  of  Environmental  Quality  (ADEQ) 

Arizona  Department  of  Water  Resources  (ADWR) 

In  addition,  a  Remedial  Investigation  report  was  located  at  a 
public  library  which  contained  hydrogeologic  information  relevant 
to  the  Air  National  Guard  facilities  at  the  Papago  Military 
Reservation  (Papago) .  The  sources  of  information  and  relevant 
hydrogeologic  information  are  further  discussed  below. 
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II.  DATA  SOURCE  BIBLIOGRAPHY 

Six  primary  sources  of  information  were  identified  and  evaluated  in 
this  effort.  Selected  pages  of  reports  and  files  were  extracted 
and  copied  from  the  sources  listed  below: 

A.  Summary  of  the  Phase  II  Site  Investigation  for  the  City 

of  Phoenix  at  the  West  Sky  Harbor  Fuel  Storage  Facility 
and  Vicinity,  Phoenix  Sky  Harbor  International  Airport, 
Phoenix,  Arizona.  (May  31,  1990),  Groundwater 

Technology,  Inc.  Received  from  Mr.  Donn  Stoltzfus,  City 
of  Phoenix. 

B.  ADEQ  files  for  Avis  Sky  Harbor,  ADEQ  File  No.  4715.122. 
Received  from  Mr.  Douglas  Jamison,  ADEQ. 

C.  ADEQ  files  for  Garrett  General  Aviation  Services 
Division,  ADEQ  File  No.  4715.355.  Received  from  Mr. 
Douglas  Jamison,  ADEQ. 

D.  Draft  Remedial  Action  Plan  for  Del  Rio  Landfill,  City  of 
Phoenix,  Arizona  (February  23,  1990),  Dames  and  Moore. 
Received  from  Mr.  Donn  Stoltzfus,  City  of  Phoenix. 

E.  Estes  Landfill  Hydrogeology.  Received  from  Mr.  Donn 
Stoltzfus,  City  of  Phoenix. 

F.  Remedial  Investigation  Report,  52nd  Street  RI/FS, 
Phoenix,  Arizona  for  Motorola,  Inc.  (June  1987),  Dames 
and  Moore.  Copy  at  Saguaro  Library,  Phoenix,  Arizona. 

In  addition  to  the  above  referenced  documents,  several  others  were 
reviewed  and  received  from  the  agencies  listed  above.  Information 
in  the  additional  documents  either  duplicated  information  presented 
below  or  are  for  facilities  remote  from  the  Base.  Mr.  David  Annis 
of  the  ADWR  also  provided  much  valuable  discussion  regarding 
facilities  and  history  of  hydrogeologic  investigations  in  the  area 
adjacent  to  the  Base. 


II.  FINDINGS 

Results  of  the  hydrogeologic  investigation  at  the  Sky  Harbor  fuel 
facilities  (Reference  A)  are  likely  to  be  directly  applicable  to 
the  SI  as  the  fuel  facilities  are  located  approximately  4,300  feet 
(0.8  miles)  from  the  center  of  the  Base  on  a  bearing  of  fifty 
degrees  west  of  north  (N  50  W) .  These  findings  are  summarized 
below. 
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Five  monitoring  wells,  90  feet  deep,  were  installed  at 
the  site  in  March  and  April  1990.  The  water  level  in 
each  well  is  approximately  71  feet  below  grade  or  at  an 
elevation  of  1,038  to  1,036  feet  above  Mean  Sea  Level 
(feet  MSL)  . 

Detailed  casing  elevations  and  depth  to  water  were  not 
included  in  the  information  provided,  however,  a  site 
gradient  map  indicates  a  due  westerly  groundwater  flow 
diiection  at  a  gradient  of  approximately  0.002  or  10.9  ft 
per  mile. 

Lithologic  logs  indicate  mixed,  unindurated  alluvium  at 
the  site  consisting  generally  of  sand  to  silt  in  the  0-5 
foot  depth  interval,  sand  to  pebbles  in  the  5-15  foot 
interval,  and  sand  to  cobbles  below  15  feet. 


Avis  Car  Rental  facility  at  Sky  Harbor  is  conducting  an 
investigation  for  a  fuel  release  (Reference  B)  .  The  Avis  facility 
is  located  approximately  7,600  feet  (1.4  miles)  from  the  center  of 
the  Base  on  a  bearing  of  N  82  W.  Findings  from  these  files  are 
summarized  below. 

The  depth  to  water,  measured  on  24  Nov  87  ranges  from 
61.26  to  64.51  feet  below  the  surface,  this  corresponds 
to  an  approximate  elevation  of  1,035  to  1,039  feet  MSL. 

The  groundwater  flow  direction  at  the  site  is  generally 
west  with  the  flow  direction  diverging  to  northwest  and 
southwest  west  of  the  Avis  site.  Reports  suggest  that 
the  divergence  may  be  caused  by  an  Arizona  Department  of 
Transportation  (ADOT)  dewatering  project  located  in  line 
with  21st  Street  between  Buckeye  Road  and  the  Salt  River. 

The  ADOT  project  was  in  operation  at  the  time  the 
material  in  the  files  was  prepared  (1987)  .  At  that  time 
the  dewatering  system  consisted  of  11  wells  each  pumping 
at  approximately  1,500  gallons  per  minute. 

The  U.S.  Geological  Survey  (USGS)  conducted  a  pump  test 
during  the  dewatering  project  and  determined  the  aquifer 
transmissivity  (T)  to  be  194,000  GPD/ft,  and  hydraulic 
conductivity  (K)  to  be  1,200  GPD/ft,  using  a  saturated 
thickness  of  150  feet. 


•  • 


•  • 


Mr.  Don  Willen 
September  18,  1990 
Page  4 

Garrett  General  Aviation  Services  Division  operates  a  facility 
located  approximately  6,300  feet  (1.2  miles)  southwest  of  the 
center  of  the  Base  on  a  bearing  of  S  73  W.  This  facility  is 
conducting  an  investigation  for  fuel  and  solvent  release  (Reference 
C) .  Findings  from  the  Garrett  files  are  summarized  below. 

The  depth  to  groundwater  was  measured  to  be  approximately 
55.5  to  57.9  feet  below  grade  or  at  an  elevation  of  1,044 
to  1,042  feet  MSL  on  5  Dec  88. 

Garrett  has  presented  the  groundwater  flow  direction  to 
be  northwesterly  (N  36  W) .  The  ADEQ  disagrees  with  this 
inteipretation  and  states  that  the  ground  water  flow 
direction  at  Garrett  is  North  80  East.  This  direction  is 
inconsistent  with  the  regional  flow  direction  as 
indicated  by  all  other  references  from  the  area.  I  have 
reviewed  the  available  potentiometric  data  at  Garrett  and 
the  flow  direction,  based  on  three-point  solutions  ranges 
from  N  15  W  to  S  36  E  depending  on  the  combination  oi 
wells  used.  Thus  the  data  from  Garrett  appears 
inconsistent  and  should  not  be  relied  upon  for  the  Base 
SI. 


The  City  of  Phoenix  owns  a  landfill  located  approximately  14,600 
feet  (2.8  miles)  southwest  of  the  Base  on  a  bearing  of  S  74  W. 
This  landfill  is  called  the  Del  Rio  or  16th  Street  landfill  and  it 
is  located  on  the  south  edge  of  the  Salt  River  (Reference  D)  . 
Findings  from  the  files  are  presented  below. 

Depth  to  groundwater  is  typically  3  5  to  4  0  feet  below 
ground  level  or  at  an  elevation  of  1,045  t  1,040  feet 
MSL. 

Water  levels  in  wells  have  demonstrated  fluctuation  of  up 
to  28.7  feet  in  a  single  well  over  a  period  of  ten  years. 

The  peak  water  level  (all  wells)  was  1,055.6  feet  MSL 
(approximately  24  feet  below  ground  level) .  The  minimum 
water  level  over  the  same  period  was  1,020.51  feet  MSL 
(approximately  59.5  feet  below  ground  level). 

Hydrographs  for  monitoring  wells  over  the  period  from 
1979  to  1990  indicate  that  water  elevations  in  wells  in 
the  period  1986  to  1990  are  at  the  lower  end  of  the  range 
(1,025  to  1,045)  while  during  the  period  1983  to  1986 
they  were  in  peak  ranges  (1,055  to  1,045).  In  general, 
water  levels  in  these  wells  have  declined  approximately 
20  feet  from  the  1983  peaks  to  the  1990  lows  or  an 
average  of  2.8  feet  per  year.  Prior  to  the  1983  peak 
levels,  water  levels  were  in  the  1,030  foot  range  as  late 
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as  1982.  Water  levels  in  monitoring  wells  demonstrate  a 
strong  correlation  to  flows  in  the  Salt  River,  thus  a 
continued  decline  in  water  levels  cannot  be  projected. 

Reference  D  provided  several  potentiometric  maps  for  the 
Del  Rio  Landfill.  These  maps  were  prepared  by  the 
authors  of  the  report  by  unknown  means.  Based  on  the 
maps  presented,  the  groundwater  flow  direction  averages 
a  bearing  of  N  60  W  (300  degrees  azimuth)  for  nine  maps 
^jresented  in  the  report  under  dry  river  conditions.  One 
potentiometric  map  representing  conditions  of  flow  in  the 
river  was  also  presented,  the  groundwater  flow  direction 
in  this  case  was  S  57  W  (213  degrees  azimuth) . 


The  City  of  Phoenix  also  owns  another  landfill  southeast  of  the 
Base.  The  Estes  Landfill  is  located  approximately  6,500  feet  (1.2 
miles)  from  the  Base  on  a  bearing  of  S  82  £  (Reference  E) . 

Depth  to  water  at  the  Estes  Landfill  is  typically  40  to 
60  feet  below  ground  level  or  at  an  elevation  of  1,080  to 
1,060  feet  MSL. 

Water  levels  in  monitoring  wells  also  fluctuate  in 
association  with  flow  in  the  River  at  the  Estes  Landfill. 

The  maximum  fluctuation  observed  in  a  single  well  over  a 
period  of  seven  years  is  43.77  feet.  The  peak 
groundwater  elevation  in  all  wells  is  1,111.5  feet  MSL 
(approximately  20  feet  below  ground  level) .  The  minimum 
water  level  in  all  wells  was  1,038.63  feet  MSL  (84  feet 
below  ground  level. 

Potentiometric  data  from  shallow  and  deep  wells  suggest 
a  downward  vertical  gradient  at  the  Estes  Landfill, 
however,  lack  of  well  specifications  in  the  information 
presented  prohibits  and  analysis  of  the  ve.  tical  gradient 
conditions. 

The  groundwater  flow  direction  from  prepared  maps 
reviewed  averages  S  83  W  during  dry  conditions  in  the 
river.  One  map  presented  for  streamflow  conditions 
depicts  a  groundwater  flow  direction  of  S  51  W. 


The  Motorola  facility  is  located  approximately  3000  feet  (0.6 
miles)  on  a  bearing  of  S  15  W  from  ANG  facilities  at  the  Papago 
Military  Reservation.  Findings  from  review  of  Reference  F  are 
presented  below. 
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Depth  to  water  at  the  Motorola  facility  is  approximately  22 
feet  below  the  ground  level  or  at  an  elevation  of  1,198  feet 
MSL. 

Hydrograph  records  for  well  DM101  (nearest  to  Papago)  indicate 
a  maximum  fluctuation  of  five  feet,  primarily  in  response  to 
precipitation.  The  peak  water  level  in  this  well  was  17.5  feet 
below  the  top  of  casing  and  the  minimum  measured  was  23  feet 
below  the  top  of  casing. 

Groundwater  flow  direction  in  the  shallow  portions  of  the 
aquifer  is  approximately  S  70  W. 

Alluvium  overlies  volcanic  bedrock  to  a  depth  of  approximately 
26  feet.  The  alluvium  thins  to  the  north  and  west  and  may  be 
thinner  at  ANG  facilities  at  Papago. 


III.  DISCUSSION  AND  CONCLUSIONS 
A.  MONITORING  WELL  SCREEN  INTERVAL 

Sky  Harbor 

The  Base  is  located  in  an  area  with  ground  elevation  of 
approximately  1,110  feet  MSL.  The  current  monitoring  well  design 
calls  for  50  feet  of  screen  to  be  placed  30  feet  below  the  ambient 
water  table  and  20  feet  above  the  water  table. 

Data  from  the  Sky  Harbor  fuel  facility  investigation  and  other 
sites  in  the  area  suggest  that  the  water  table  will  be  encountered 
at  a  depth  of  approximately  70  feet  below  the  surface  or  at  an 
elevation  or  1,040  feet  MSL.  This  configuration  will  require  soil 
borings  to  be  extended  to  approximately  100  feet  below  the  ground 
surface  for  well  construction.  The  well  bottom  will  be  located  at 
an  elevation  of  approximately  1,010  feet  MSL  and  the  top  of  the 
screen  interval  will  be  approximately  50  feet  below  ground  or  1,060 
feet  MSL. 

Using  data  from  the  Del  Rio  Landfill  (Reference  D)  during  periods 
of  prolonged  flow  in  the  Salt  River,  water  levels  may  be  expected 
to  rise  as  much  as  20  to  25  feet.  Assuming  a  20  foot  rise  in  the 
water  table  due  to  flow  in  the  river,  the  water  table  elevation  at 
the  Base  would  be  approximately  1,060  feet  MSL.  This  is  at  the 
level  of  the  top  of  screen  in  proposed  monitoring  wells.  Based  on 
this  scenario,  it  may  be  prudent  to  set  the  top  of  screen  at  an 
elevation  of  1,C65  or  25  feet  above  the  expected  water  table. 
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A  screen  length  of  50  feec  would  place  the  bottom  of  the  well  at 
1,015  feet  or  25  feet  below  the  expected  water  table.  Assuming 
five  feet  of  saturated  well  are  required  for  representative  samples 
to  be  collected,  the  water  table  could  go  as  low  as  1,020  feet  and 
the  wells  would  remain  useful.  This  is  approximately  the  lowest 
level  recorded  at  any  of  the  surrounding  areas,  the  1,020  level 
also  represents  over  seven  years  of  useful  life  at  an  average  water 
table  decline  rate  of  2.8  feet  per  year.  The  50-foot-long  screen 
proposed  should  be  adequate  for  the  objectives  of  the  SI  and  future 
use. 


Papago 

The  current  proposed  monitoring  well  design  for  Papago  wells  is  the 
same  as  the  wells  designed  for  the  Base;  thirty  feet  of  screen  to 
be  placed  within  the  water  table.  Given  the  information  presented 
in  Reference  F,  above,  it  is  likely  that  upon  completion  of 
piezometers  at  Papago  and  measurement  of  water  levels,  it  will  be 
desirable  to  modify  the  screened  interval  to  allow  15  feet  below 
and  five  to  ten  feet  above  the  water  table.  This  interval  should 
be  sufficient  to  accommodate  anticipated  water-level  fluctuations. 


B.  MONITORING  WELL  PLACEMENT 


Sky  Harbor 

Proposed  monitoring  well  locations  for  the  Base  SI  were  developed 
assuming  a  westerly  (N  90  W)  groundwater  flow  direction.  The 
possibility  of  significant  deviation  from  this  direction  motivated 
the  collection  of  existing  data  to  verify  the  assumption  of 
westerly  group*'  /ater  flow. 

Because  the  potentiometric  data  obtained  during  this  effort  were 
not  collected  from  a  single  point  in  time,  they  cannot  be  used  in 
preparation  of  an  area  potentiometric  map,  therefore  accurate 
prediction  of  groundwater  flow  direction  for  the  base  cannot  be 
made. 

Generally,  published  groundwater  flow  directions  are  in  a  westerly 
(S  83  W)  to  northwesterly  (N  60  W)  direction  during  no-flow 
conditions  in  the  Salt  River.  The  exceptions  to  this  condition  are 
during  flow  in  the  river  and  one  combination  of  water  levels  at  the 
Garrett  Aviation  facility.  Groundwater  flow  direction  during  river 
flow  is  discussed  below.  The  Garrett  data  are  inconsistent,  using 
the  same  four  data  points  groundwater  flow  direction  variation  of 


•  •  •  • 


•  •  • 


Mr.  Don  Willen 
September  18,  1990 
Page  8 


140  degrees  can  be  obtained.  It  is  advisable  not  to  utilize  this 
data  in  placement  of  SI  wells  unless  separate  conformation  of 
easterly  flow  directions  can  be  made. 

The  available  data  indicate  that  during  periods  of  river  flow,  the 
groundwater  gradient  on  the  south  side  of  the  river  is  in  a 
southwesterly  direction  (S  57  W  to  S  51  W) .  It  follows,  assuming 
flow  in  the  river  creates  a  mound  in  the  water  table  coincident 
with  the  axis  of  the  river,  that  the  groundwater  flow  direction 
north  of  the  river  would  be  in  a  northwest  (N  57  W  to  N  51  W) 
direction  during  periods  of  river  flow. 

Using  the  above  discussion  it  is  reasonable  to  assume  that 
groundwater  flow  direction  around  the  Base  is  primarily  westerly, 
with  a  maximum  northerly  component  of  30  degrees  north  of  west 
during  no-flow  in  the  river  and  a  maximum  northerly  component  of  39 
degrees  during  periods  of  flow  in  the  river.  Given  this  analysis 
it  is  recommended  that  the  initial  plan  of  piezometer  installation 
and  flow  direction  determination  prior  to  well  placement  be  adhered 
to  for  the  SI.  It  may  be  prudent  to  periodically  measure  water 
levels  in  elevation-surveyed  wells  from  surrounding  facilities  to 
develop  an  area  potentiometric  map  during  the  SI.  Any  offsite 
monitoring  should  be  limited  to  facilities  within  a  one  and  one- 
half  to  two  mile  radius  of  the  Base. 


Papago 

Proposed  monitoring  well  locations  for  Papago  were  developed 
assuming  a  westerly  groundwater  flow  direction.  Should  piezometric 
information  agree  with  the  data  contained  in  Reference  F, 
indicating  a  southwesterly  flow  direction,  it  may  be  desirable  to 
relocate  well  MW4-03  to  the  west  side  of  Building  112.  However 
this  determination  should  be  postponed  until  site-specific 
potentiometric  data  are  available. 
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GEOPHYSICAL  SURVEY 


1.0  Introduction _ 

A  geophysical  survey  was  conducted  from  December  13  to  23,  1990  at  Sky  Harbor  Interna¬ 
tional  Airport  (lAP)  in  Phoenix,  Arizona.  The  survey  was  conducted  in  two  phases.  The  first 
phase  involved  the  geophysical  clearance  of  all  proposed  soil  organic  vapor  (SOV)  sampling 
points  and  soil  boring  and  monitoring  well  locations  of  underground  pipelines  and  utilities  at 
Site  1  (JP-4  Hydrant  Area),  Site  2  (Hazardous  Waste  Storage  Area),  Site  3  (Fuel  Bladder 
Area),  Site  4  (107TCS  Hazardous  Waste  Collection  Area),  and  Site  5  (Ammunition  Disposal 
Area).  Electromagnetic  (EM)  utility  locators  and  ground  penetrating  radar  (GPR)  methods 
were  used  during  this  phase  of  the  investigation. 

During  the  second  phase  of  the  geophysical  investigation,  EM  and  GPR  surveys  were 
conducted  at  Site  5  to  locate  buried  ammunition.  In  1980,  live  50-caIiber  ammunition  was 
discovered  in  excavations  during  installation  of  a  closed  circuit  television  (CCT)  system 
(AZANG  1990).  Ammunition  was  found  in  two  areas  shown  in  Figure  1.  The  Preliminary 
Assessment  (PA)  reported  that  ammunition  was  found  at  depths  ranging  from  6  to  8  feet  at  a 
location  approximately  50  feet  south  of  the  CCT  trench  locations  (HMTC,  1988). 

The  locations  of  the  Site  5  EM  and  GPR  surveys  are  shown  in  Figure  1.  Several  modifica¬ 
tions  lO  the  original  survey  design  were  necessary  based  on  unanticipated  field  conditions.  As 
originally  planned,  magnetic  and  EM  surveys  were  to  be  the  primary  means  of  locating  buried 
ammunition  with  the  use  of  GPR  restricted  to  problem  areas  or  areas  requiring  additional 
data.  However,  due  to  the  abundance  of  surface  structures,  vehicles,  and  underground 
utilities,  EM  surveying  was  conducted  only  in  areas  relatively  uncongested  with  metallic 
material.  The  magnetic  survey  was  not  performed  because  of  interference  from  unwanted 
sources  over  much  of  the  area  of  the  site.  As  a  consequence,  GPR  was  used  as  the  primary 
exploration  tool.  In  addition,  the  EM  survey  was  extended  130  feet  to  the  west  to  include  a 
more  open  area  approximating  background  soil  conductivity  conditions. 

2.0  Field  Procedures _ 


This  section  describes  the  field  procedures  used  for  the  geophysical  clearance  and  the 
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geophysical  survey  at  Site  5  (Ammunitions  Disposal  Area).  A  Geophysical  Survey  Systems, 
Inc.  (GSSI)  Subsurface  Interface  Radar  System  10,  which  was  equipped  with  120-,  300-,  and 
500-MHz  monostotic  antennae,  a  Radio  Detection  Model  RD-400  electromagnetic  cable 
locator,  and  a  Metrotech  Model  810  pipe  and  cable  detector  were  used  during  the  geophysical 
clearance  phase.  The  GPR  unit  and  a  Geonics  EM-31DL  (EM-31)  with  a  digital  data  logger 
were  used  during  the  geophysical  surveys  at  Site  5.  Detailed  equipment  descriptions  and 
supporting  theory  are  included  in  Appendix  A. 

2.1  Geophysical  Clearance 

Geophysical  field  procedures  used  to  clear  drilling  locations  of  subsurface  obstructions  are 
described  in  this  section.  First,  all  utilities  near  the  drilling  point  evident  from  utility  maps 
and  visual  observation  were  traced  by  placing  the  Metrotech  or  RD-400  transmitter  on  the 
line,  delineating  the  line  using  the  receiver,  and  marking  it  on  the  ground  surface  using 
orange  surveyor’s  paint.  Individual  drilling  locations  were  then  cleared  by  holding  the 
transmitter  on  the  line  and  circling  with  the  receiver  at  a  radius  of  approximately  40  feet. 
When  a  line  was  located  using  the  receiver,  the  transmitter  was  relocated  to  that  point  and  the 
line  was  traced  and  marked  in  the  vicinity  of  the  drill  point.  If  a  utility  was  found  within 
approximately  3  feet  of  the  drilling  location,  it  was  moved  and  the  entire  procedure  repeated. 
Finally,  in  areas  where  nonmetallic  pipes  or  large  numbers  of  utilities  were  present,  two 
perpendicular  GPR  profiles  were  conducted  over  the  drilling  point  using  the  120-,  300- , 
and/or  500-MHz  antennae.  If  additional  utilities  were  located  within  3  feet  of  the  drilling 
location,  the  boring  was  moved  and  the  clearance  procedures  repeated. 

2.2  Geophysical  Survey:  Site  5  -  Ammunition  Disposal  Area 

EM  and  GPR  surveys  were  conducted  at  Site  5  to  determine  the  possible  location  of  buried 
ammunition  disposed  of  during  the  1950s. 

To  provide  spatial  control,  a  20-  by  20-foot  grid  was  marked  with  surveyors  paint  in  the  area 
of  interest.  The  location  of  the  base  grid  relative  to  permanent  site  features  is  shown  in 
Figure  1. 

Readings  of  conductivity  and  in-phase  component  field  strength,  as  measured  by  the  EM-31, 
were  collected  at  5-foot  intervals  along  both  north-south  and  east-west  lines  spaced  20  feet 
apart.  The  locations  of  the  EM  survey  lines  are  shown  in  Figure  1.  Data  were  stored  in  a 
digital  data  logger  and  downloaded  to  a  laptop  computer  at  the  completion  of  the  survey. 
Many  of  the  EM  survey  lines  were  conducted  in  segments  due  to  buildings  and  other 
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obstructions.  For  example,  data  were  not  collected  in  the  Liquid  Oxygen  Storage  Area 
(Building  No.  46  and  its  perimeter)  because  of  the  adverse  effects  of  the  oxygen  tanks  and 
surrounding  fences. 

The  GPR  survey  was  concentrated  in  the  vicinity  of  the  Ammunition  Dump  and  in  the  areas 
where  ammunition  was  discovered  during  trench  excavations  in  1980.  The  locations  of  the 
GPR  profiles  are  shown  in  Figure  1.  All  GPR  profiles  within  the  Liquid  Oxygen  Storage 
Area  (Lines  GPR-1  through  GPR -9)  were  conducted  with  both  the  300-  and  120-MHz 
antennae  All  other  GPR  profiles  were  conducted  with  only  the  300-MHz  antenna.  All  GPR 
data  were  stored  on  digital  tape  for  later  processing. 

To  allow  an  accurate  interpretation  of  the  geophysical  data,  the  locations  of  all  surface 
metallic  objects  were  accurately  plotted  relative  to  the  base  grid  as  shown  in  Figure  2. 

3.0  Data  Processing  and  Interpretation _ 

Computer-generated  plots  of  the  EM  profiles  are  included  in  Appendix  B.  In-phase  and 
conductivity  anomalies  were  tracked  from  line  to  line  when  possible,  or  noted  as  single 
anomalies.  Some  ponions  of  the  data  severely  affected  by  buildings  and  vehicles  were 
deleted  before  plotting. 

Field  mapping  of  surface  metallic  objects  made  it  possible  to  distinguish  anomalies  caused  by 
known  sources  from  those  caused  by  buried  pipelines  and  other  conductive  objects.  Contour 
maps  of  the  EM  data  were  not  generated  because  a  significant  portion  of  the  data  was 
affected  by  buried  objects  and  surface  features. 

Color  plots  of  the  GPR  sections  were  made  for  interpretation,  with  a  color  scale  proportional 
to  the  amplitude  of  the  reflected  signal.  Two-way  travel  times  were  converted  to  depths 
using  an  assumed  relative  dielectric  constant  of  five.  Anomalies  due  to  known  sources,  such 
as  surface  objects  or  buried  pipes,  are  noted  on  the  profiles.  Examples  of  interpreted  GPR 
sections  are  included  in  Appendix  C. 


KNWP451/09-03-91/OnAFr  »2 


3 


4.0  Discussion  and  Resuits. 


The  first  phase  of  geophysical  surveying  involving  geophysical  clearance  of  subsurface 
obstructions  to  drilling  resulted  in  the  successful  installation  of  all  SOV  probes,  soil  borings, 
and  monitoring  wells. 

In  the  second  phase  of  geophysical  surveying,  EM  and  GPR  were  used  to  assess  the  likeli¬ 
hood  of  additional  buried  ammunition  at  Site  5.  The  results  of  the  EM  survey  are  presented 
graphically  in  Appendix  B  and  are  summarized  in  Figure  2.  After  discarding  in-phase  and 
conductivity  anomalies  due  to  known  sources,  significant  remaining  anomalies  were  observed 
to  exhibit  continuity  between  parallel  survey  lines,  and  because  of  their  linear  character  are 
interpreted  to  be  caused  by  underground  utilities. 

GPR  profiles  are  presented  in  Appendix  C.  Assuming  a  relative  dielectric  constant  of  five  for 
geologic  materials  at  Site  5,  effective  depth  of  penetration  was  approximately  5  feet  for  the 
300  MHz  antenna  and  approximately  12  feet  for  the  120  MHz  antenna.  Although  the 
penetration  depth  of  the  120  MHz  antenna  was  significantly  greater,  its  resolution  was 
correspondingly  lower  then  the  300  MHz  model.  In  addition,  the  120  MHz  antenna  was  not 
shielded,  and  therefore  was  subject  to  signal  interference  from  aboveground  sources.  An 
example  of  this  can  be  seen  in  Figure  C-4,  in  which  a  fence  is  responsible  for  a  hyperbolic 
reflection  between  75  and  90  feet.  Because  of  these  shoncomings,  it  is  not  likely  that  the  120 
MHz  antenna  was  capable  of  resolving  containerized  ammunition. 

The  anomalies  observed  on  GPR  profiles  north  of  monitoring  well  MW5-02  were  compared 
with  known  surface  and  subsurface  features  as  shown  in  Figure  2.  Two  significant  anomalies 
could  not  be  related  to  known  features.  Anomaly  A,  shown  in  Figures  2  and  C-2,  is  located 
at  approximately  19  feet  south  on  Line  440  east.  This  anomaly  is  traceable  through  several 
parallel  survey  lines,  and  its  trace  intersects  a  manhole  located  at  the  intersection  of  Lines  400 
east  and  20  south.  Further,  the  depth  of  the  anomaly  is  less  than  approximately  3  feet.  There 
is  little  doubt  that  the  source  of  the  anomaly  is  an  underground  utility.  Anomaly  B  (Figures  2 
and  C-2)  is  characteristic  of  a  metal  object  very  near  the  ground  surface.  A  similar  anomaly 
was  caused  by  an  iron  manhole  at  the  intersection  of  Lines  400  east  and  20  south. 
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GPR  surveys  in  the  area  north  of  monitoring  well  MW5-02  were  apparently  capable  of 
resolving  underground  utilities  down  to  several  inches  in  diameter.  Therefore,  assuming  that 
ammunition  was  containerized  or  buried  in  some  other  bulk  fashion,  it  is  likely  its  presence 
would  be  indicated  in  the  GPR  data  to  a  depth  of  roughly  5  feet.  The  lack  of  unaccounted- 
for  GPR  anomalies  is  an  indication  that  large  concentrations  of  ammunition  are  not  present  in 
this  location. 

GPR  profiles  in  the  vicinity  of  Building  46,  labelled  GPR-1  through  GPR-9  in  Figure  1,  were 
compared  with  known  surface  and  subsurface  features.  Anomalies  traceable  across  several 
records  can  be  explained  by  the  presence  of  features  shown  in  Figure  2.  For  example, 
comparison  of  Figures  2  and  C-4  demonstrates  the  hyperbolic  signature  of  several  under¬ 
ground  utilities  and  the  masking  effect  of  the  concrete-slab  floor  of  Building  46. 

No  anomalies  were  found  that  strongly  indicated  the  presence  of  buried  ammunition  near 
Building  46.  However,  as  shown  in  Figure  C-4,  geologic  layering  below  a  depth  of  approxi¬ 
mately  2  feet  is  apparently  indistinct  to  nonexistent.  This  leads  to  two  possibilities:  (1) 
layering  does  not  exist;  this  may  be  a  natural  condition  or  layering  may  be  disturbed,  (2) 
layering  exists  but  was  not  resolved  with  GPR  due  to  poor  penetration  or  interference  from 
known  features.  In  considering  the  latter  case.  Figures  C-1,  C-2,  and  C-3  should  be  compared 
to  Figure  C-4.  Figures  C-1,  C-2,  and  C-3  are  radar  profiles  obtained  along  survey  lines 
located  approximately  150  feet  northeast  of  Building  46  (Figure  1).  Geologic  layering  in  this 
area  appears  much  more  distinct  than  in  the  vicinity  of  Building  46;  thereby  lending  support 
to  the  former  possibility. 

5.0  Conclusions _ 

Two  phases  of  geophysical  surveying  were  conducted  at  Sky  Harbor  lAP  using  GPR  and  EM 
methods.  The  first  phase  of  surveying  involved  geophysical  clearance  of  drilling  and  SOV 
locations  of  subsurface  obstructions.  In  the  second  phase  of  the  survey,  subsurface  conditions 
were  assessed  for  the  presence  of  buried  ammunition. 

The  geophysical  clearance  phase  of  work  resulted  in  the  successful  installation  of  all  borings, 
monitoring  wells,  and  SOV  sample  points. 

The  results  and  conclusions  of  the  second  phase  of  the  investigation  are  based  primarily  on 
GPR  data.  The  EM  data  were  of  limited  use  because  of  the  adverse  effects  of  abundant 


KNWP451/(»-03-91/OnAR  »2 


5 


surface  and  subsurface  electrically  conducting  material  not  related  to  previous  disposal 
operations. 

Radar  data  in  the  vicinity  of  Building  46,  the  Liquid  Oxygen  Storage  Area,  did  not  provide 
direct  evidence  of  buried  ammunition.  However,  the  apparent  lack  of  layering  in  geologic 
materials  within  this  area  may  be  due  to  excavation  and  disruption  during  disposal  operations. 

Geologic  layering  appears  more  distinct  in  the  survey  area  northwest  of  Building  46.  This 
may  be  an  indication  that  disposal  has  not  occurred  in  this  aita.  Funher,  no  anomalous 
materials  were  apparent  in  the  radar  data  to  its  approximately  5-foot  depth  limit,  although 
underground  utilities  were  clearly  resolved  in  this  same  interval.  This  implies  that  buried 
ammunition,  if  present  and  of  approximately  the  dimensions  of  a  typical  underground  utility 
diameter,  would  be  detected  to  a  depth  of  approximately  5  feet. 

Direct  confirmation  of  the  presence  or  absence  of  buried  ammunition  at  Site  5  is  not  possible 
based  solely  on  nonintrusive  methods.  Individual  cartridges  smaller  than  the  minimum 
dimensions  resolved  by  GPR  may  be  present  at  any  of  the  locations  surveyed.  Ammunition 
in  any  form  may  be  present  at  depths  greater  than  effectively  sensed  by  radar.  Finally, 
ammunition  disposal  occurring  in  discrete  zones  of  dimensions  smaller  than  the  geophysical 
grid  spacing  of  20  feet  may  not  have  been  crossed  by  a  geophysical  survey  line  and  therefore 
could  remain  undetected. 
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APPENDIX  A 

THEORETICAL  BACKGROUND 


A.  1.0  Electromagnetic  Induction _ 

Electromagnetic  (EM)  induction  equipment  used  during  this  investigation  consisted  of  a 
Geonics  EM-31DL  terrain  conductivity  meter  (EM-31)  with  an  Omni  digital  data  logger,  a 
Metrotech  Model  810  pipe  and  cable  detector  (Metrotech),  and  a  Radio  Detection  Model  RD- 
400  electromagnetic  cable  locator  (RD-400). 

The  EM-31  has  a  transmitter  and  receiver  coil  mounted  at  each  end  of  a  12-foot-long  plastic 
boom.  An  audio-frequency  alternating  current  is  applied  to  the  transmitter  coil,  causing  the 
coil  to  radiate  a  primary  EM  field  with  a  magnetic  field  vector  parallel  to  the  axis  of  the 
coils.  This  time  varying  magnetic  field  induces  eddy  currents  in  any  conducting  material  in 
the  subsurface  as  described  by  Faraday’s  Law  on  induction.  These  eddy  currents  have  an 
associated  (secondary)  magnetic  field  with  a  strength  and  phase  shift  relative  to  the  primary 
field  that  is  dependent  on  the  conductivity  of  the  medium.  The  receiver  coil  measures  the 
resultant  effect  of  both  primary  and  secondary  fields.  By  comparing  the  signal  at  the  receiver 
to  that  at  the  transmitter,  the  instrument  is  able  to  record  the  in-phase  component  (in-phase) 
and  the  component  90  degrees  out  of  phase  (quadrature)  with  the  primary  field. 

Most  geological  materials  are  poor  conductors,  and  the  flow  of  current  through  the  material 
takes  place  in  the  pore  fluids  (Keller  and  Frischknecht,  1966).  Conductivity  is  predominantly 
a  function  of  soil  type,  porosity,  permeability,  pore  fluid  ion  content,  and  degree  of  saturation. 
The  EM-31  is  calibrated  so  that  the  out  of-phase  component  is  converted  to  electrical 
conductivity  in  units  of  millisiemens  per  meter  (mS/m)  (McNeill,  1980).  The  in-phase 
component  is  read  in  parts  per  thousand  (ppt)  of  the  primary  EM  field  and  is  generally 
adjusted  in  the  field  to  read  zero  response  over  background  materials. 

The  depth  of  penetration  for  EM  induction  instruments  is  dependent  on  the  transmitter- 
receiver  separation  and  coil  orientation  (McNeill,  1980).  The  EM-31  has  an  effective 
exploration  depth  of  about  18  feet  when  operating  in  the  vertical  dipole  mode  (horizontal 
coils).  In  the  absence  of  large  metallic  features  such  as  tanks,  drums,  pipes,  and  reinforced 
concrete,  the  maximum  instrument  response  results  from  materials  at  about  3  to  5  feet  below 
ground  surface.  A  single  buried  drum  typically  can  be  located  to  depths  of  about  5  feet 
whereas  clusters  of  drums  can  be  located  to  significantly  greater  depths  depending  on 
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background  noise.  The  EM-31  generally  must  pass  over  or  very  near  to  a  buried  metallic 
object  to  detect  it.  Both  the  out-of-phase  (conductivity)  and  in-phase  components  exhibit  a 
characteristic  anomaly  over  near-surface  metallic  conductors.  This  anomaly  consists  of  a 
narrow  zone  having  strong  negative  amplitude  centered  over  the  target  and  a  broader  lobe  of 
weaker,  positive  amplitude  on  either  side  of  the  target.  For  long,  linear  conductors  such  as 
pipelines,  the  characteristic  anomaly  is  as  described  above  when  the  axis  of  the  coils 
(instrument  boom)  is  at  an  angle  to  the  conductor,  however,  when  the  instrument  boom  is 
oriented  parallel  to  the  conductor,  a  positive  amplitude  anomaly  is  obtained. 

EM-31  applications  include  the  delineation  of  soil  contamination,  oil  brine  pits,  buried 
metallic  and  nonmetallic  debris,  landfill  boundaries,  buried  pipes  and  cables,  and  buried 
drums  and  tanks. 


The  RD-4()0  and  Metrotech  are  specifically  designed  to  accurately  locate  and  delineate 
underground  pipes  and  utilities.  A  transmitter  emits  a  radio-frequency  signal  that  induces  a 
secondary  EM  field  in  nearby  utilities.  A  receiver  unit  measures  the  signal  strength  of  this 
secondary  field  and  emits  an  audible  response  to  allow  the  precise  location  of  the  pipe,  cable, 
or  other  conductor  in  which  a  signal  is  induced.  If  the  utility  is  accessible  anywhere,  the 
source  signal  can  be  directly  applied  to  it,  making  the  secondary  field  much  larger  and  readily 
measurable. 


A.2.0  Ground  Penetrating  Radar _ 

Ground  penetrating  radar  (GPR)  equipment  used  during  this  investigation  consisted  of  a 
Geophysical  Survey  Systems,  Inc.  (GSSI)  Subsurface  Interface  Radar  System  10  equipped 
with  120- MHz,  300-MHz,  and  500-MHz  monostaiic  antennae. 

In  conducting  a  GPR  survey,  a  transmitter  antenna  that  emits  a  high  frequency  (center 
frequencies  in  the  range  of  80  to  900  MHz)  EM  wave  into  the  subsurface  is  pulled  along  the 
survey  line.  This  wave  propagates  at  the  speed  of  light  in  a  vacuum  scaled  by  the  square  root 
of  the  relative  dielectric  constant  of  the  medium  and  reflects  at  boundaries  where  the  relative 
dielectric  constant  (and  therefore  the  propagation  velocity)  changes.  The  contrast  in  velocity 
between  the  two  media  can  be  quantified  as  a  reflection  coefficient  at  the  boundary.  The 
magnitude  of  the  reflection  coefficient  increases  as  the  contrast  in  velocities  increases,  and  its 
sign  is  positive  or  negative  depending  on  whether  the  velocity  increases  or  decreases, 
respectively,  at  the  boundary. 
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The  reflected  signal  is  detected  at  a  receiver  antenna,  often  as  a  characteristic  triplet  that  is 
the  result  of  the  receiving  antenna  response  and  multiples  generated  along  the  propagation 
path.  The  signal  is  transmitted  to  a  control  unit,  displayed  on  a  color  monitor,  and  saved  on 
digital  tape  (if  necessary). 

As  predicted  by  Maxwell’s  equations  for  a  propagating  EM  wave,  two  kinds  of  charge  flow 
are  caused  by  the  alternating  electric  (E)  and  magnetic  (H)  fields  associated  with  it  (Ulriksen, 
1982).  These  are  conduction  currents  and  displacement  currents.  The  conduction  current 
term  is  predominant  at  lower  frequencies  and  it  is  these  that  are  used  in  the  EM  induction 
method.  At  the  higher  frequencies  used  in  the  GPR  method,  the  displacement  current  term 
becomes  predominant.  The  high  frequencies  will  set  bound  charges  in  motion  causing 
polarization. 

The  material  physical  properties  that  describe  the  movement  of  charges  by  conduction 
currents  and  displacement  currents  are  the  conductivity  and  the  dielectric  constant  of  the 
medium,  respectively.  The  conductivity  is  a  measure  of  the  ease  with  which  charges  and 
charged  particles  move  freely  through  the  medium  when  subjected  to  an  external  electric 
field.  The  dielectric  constant,  or  its  value  normalized  by  the  dielectric  constant  of  free  space, 
called  the  relative  dielectric  constant,  is  a  measure  of  how  easily  a  medium  polarizes  to 
accommodate  the  EM  fields  of  propagating  wave  (Keller  and  Frischknccht,  1966), 

Although  conductivity  has  a  lesser  effect  on  the  transmission  of  EM  waves  emitted  from  a 
GPR  unit,  it  does  have  an  important  effect  on  the  attenuation  of  the  waves  (Ulriksen,  1982). 
Highly  conductive  media  will  attenuate  the  EM  signal  rapidly,  restricting  depth  penetration  of 
the  first  several  feet.  Highly  resistive  (poorly  conductive)  media  will  allow  much  deeper 
depth  of  penetration.  The  frequency  of  the  transmitted  waves  also  affects  the  depth  of 
penetration.  Lower  frequencies  penetrate  deeper,  but  have  low  resolution,  whereas  the  higher 
frequencies  can  resolve  smaller  objects  and  layers  at  the  expense  of  decreased  effective  depth 
penetration. 

In  unconsolidated  materials,  conduction  takes  place  mostly  through  the  pore  fluids  (Keller  and 
Frischknecht,  1966).  Changes  in  pore  fluid  content,  porosity,  permeability,  and  degree  of 
saturation  will  therefore  affect  reflected  and  refracted  EM  signals.  This  is  how  trenches,  in 
which  there  may  be  different  compaction  relative  to  the  surrounding  area,  can  be  identified. 
When  the  target  of  a  GPR  survey  is  a  metallic  conductor  such  as  metal  pipes  and  cables, 
drums,  tanks,  ammunition  shells,  etc.,  the  mechanism  is  somewhat  different.  An  EM  wave 
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will  completely  reflect  when  reaching  a  metallic  conductor.  This  total  reflection  makes 
metallic  targets  well  suited  for  the  GPR  method  when  they  are  within  the  depth  of  penetration 
range  of  the  instrument.  There  will  be  no  reflections  from  below  the  metallic  conductor, 
although  there  generally  will  be  multiples.  The  edges  of  the  metallic  reflector  will  have 
diffraction  patterns  that  are  a  result  of  the  fact  that  both  the  transmitting  and  the  receiving 
antennae  are  not  focused,  but  emit  and  receive  from  a  45  degree  cone.  This  cone  allows  the 
radar  to  see  objects  that  are  ahead  of  it,  placing  them  deeper  in  time.  As  the  radar 
approaches  the  object,  the  reflection  becomes  shallower,  with  the  shallowest  reflection  taking 
place  when  the  radar  is  right  above  it.  The  same  pattern  will  be  seen  as  the  antenna  moves 
away  from  the  object. 

Applications  of  GPR  include  delineation  of  pits  and  trenches  containing  metallic  and 
nonmetallic  debris;  location  of  buried  pipes,  drums,  and  tanks;  mapping  of  landfill  boundaries; 
and  mapping  of  near-surface  geology.  Near-surface  metallic  objects  such  as  pipes  and  tanks 
exhibit  a  characteristic  high-amplitude  hyperbolic  anomaly  and  generally  are  relatively  easy  to 
recognize. 
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FIGURE  B-12 

ELECTROMAGNETIC  INDUCTION  PROFILES 
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FIGURE  B-13 

ELECTROMAGNETIC  INDUCTION  PROFILES 

SITE  3  -  AMMUNITION  DISPOSAL  AREA 
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EXECUTIVE  SUMMARY 

From  January  15-17,  1991,  TARGET  Environmental  Services,  Inc. 
(TARGET)  conducted  a  soil  gas  survey  at  the  Sky  Harbor  Air  National 
Guard  Base  and  at  the  Papago  Military  Reservation,  Phoenix, 
Arizona,  as  part  of  a  site  investigation.  Samples  were  analyzed 
by  GC/FID  for  petroleum  hydrocarbons  and  by  GC/ECD  for  chlorinated 
hydrocarbons . 

Very  low  levels  of  FID  Total  Volatiles  occurred  in  several 
locations  in  the  JP-4  Hydrant  Area  and  the  Hazardous  Waste  Storage 
Area  at  the  Sky  Harbor  Air  National  Guard  Base  and  at  the  Papago 
Military  Reservation.  None  of  the  standardized  FID  analytes  were 
present  above  their  1  ng/l  detection  limit  in  any  of  the  areas  at 
either  site. 

GC/ECD  analysis  indicated  that  relatively  low  levels  of  1,1- 
dichloroethene  (1,1-DCE)  were  present  in  samples  collected  from  the 
JP-4  Hydrant  Area  and  the  Hazardous  Waste  Storage  Area  at  the  Sky 
Harbor  Air  National  Guard  Base.  Tetrachloroethene  (PCE)  was 
observed  in  all  field  samples.  However,  since  comparable  levels 
were  also  observed  in  all  Field  Control  Samples  (indicating 
persistent  carryover  in  the  sampling  equipment) ,  it  is  questionable 
whether  the  concentrations  present  in  the  field  samples  accurately 
reflect  conditions  in  the  soil  gas  at  the  sampling  locations.  None 
of  the  other  standardized  halogenated  hydrocarbons  were  present 
above  their  respective  detection  limit  in  any  soil  gas  samples  from 


either  site. 


Introduction 


IT  Corporation  contracted  Target  Environmental  Services,  Inc. 
(TARGET)  to  perform  a  soil  gas  survey  at  three  locations  on  the  Sky 
Harbor  National  Guard  Base  and  at  one  location  on  the  Papago 
Military  Reservation,  both  in  Phoenix,  Arizona,  as  part  of  a  site 
investigation.  The  field  and  analytical  phases  of  the  work  were 
performed  from  January  15-17,  1991. 


Field  Procedures 

Soil  gas  samples  were  collected  at  a  total  of  32  locations  at 
the  three  sites.  Fourteen  (14)  samples  were  collected  at  Site  1 
(JP-4  Hydrant  Area)  ,  11  with  the  hydraulic  probe  and  3  with  the 
drive  rod.  Twelve  (12)  samples  were  collected  in  Site  2  (Hazardous 
Waste  Storage  Area) ,  all  using  the  hydraulic  probe.  Sampling  was 
attempted  but  was  unsuccessful  in  three  locations  in  Site  3  (Fuel 
Bladder  Area) .  Six  (6)  samples  were  collected  at  the  hazardous 
waste  collection  area  on  the  Papago  Military  Reservation,  all  with 
the  drive  rod.  Sampling  order  is  included  in  Table  1  and  sampling 
depths  are  shown  in  Table  2. 

To  collect  samples  with  the  van-mounted  hydraulic  probe,  the 
probe  was  used  to  advance  connected  3'  sections  of  1"  diameter 
threaded  steel  casing  down  to  the  sampling  depth.  Although  the 
proposed  sampling  depth  was  10',  some  samples  were  collected  at 
shallower  depths  due  to  probe  refusal.  The  entire  sampling  system 
was  purged  with  ambient  air  drawn  through  an  organic  vapor  filter 
cartridge.  A  teflon  line  was  inserted  into  tne  casing  to  the 
bottom  of  the  hole,  and  the  bottom-hole  line  perforations  were 
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isolated  from  the  up-hole  annulus  by  an  inflatable  packer. 

To  collect  samples  with  the  drive  rod,  a  1/2  inch  hole  was 
produced  to  the  sampling  depth.  Where  pavement  was  present,  an 
electric  hammer  drill  was  employed  for  penetration  prior  to  using 
the  drive  rod.  The  entire  sampling  system  was  purged  with  ambient 
air  drawn  through  an  organic  vapor  filter  cartridge,  and  a  stain¬ 
less  steel  probe  was  inserted  to  the  full  depth  of  the  hole  and 
sealed  off  from  the  atmosphere. 

Whether  using  the  hydraulic  probe  or  the  drive  rod,  a  sample 
of  in-situ  soil  gas  was  then  withdrawn  through  the  probe  and  used 
to  purge  atmospheric  air  from  the  sampling  system.  A  second  sample 
of  soil  gas  was  withdrawn  through  the  probe  and  encapsulated  in  a 
pre-evacuated  glass  vial  at  two  atmospheres  of  pressure  (15  psig) . 
The  self-sealing  vial  was  detached  from  the  sampling  system, 
packaged,  labeled,  and  transported  to  the  laboratory  for  analysis. 

Prior  to  the  day's  fiela  activities  all  sampling  equipment, 
drive  rods,  and  probes  were  decontaminated  by  washing  with  soapy 
water  and  rinsing  thoroughly.  Internal  surfaces  were  flushed  dry 
using  pre-purified  nitrogen,  and  external  surfaces  were  wiped  clean 
using  clean  paper  towels. 

Field  control  samples  were  collected  at  the  beginning  and  end 
of  each  day's  field  activities  and  after  finishing  a  day's  sampling 
in  an  area.  These  QA/QC  samples  were  obtained  by  inserting  the 
probe  tip  into  a  tube  flushed  by  a  20  psi  flow  of  pre-purified 
nitrogen  and  collecting  in  the  same  manner  as  described  above. 
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Laboratory  Procedures 


All  of  the  samples  collected  during  the  field  phase  of  the 
survey  were  subjected  to  dual  analyses  in  the  field  in  TARGET'S 
climate-controlled  mobile  laboratory  using  a  Shimadzu  14 -A  gas 
chromatograph . 

The  first  analysis  was  conducted  according  to  EPA  Method  601 
(modified)  on  a  gas  chromatograph  equipped  with  an  electron  capture 
detector  (ECD) ,  but  using  direct  injection  instead  of  purge  and 
trap.  Specific  analytes  standardized  for  this  analysis  were: 

1 . 1- dichloroethene  (1,1-DCE) 

1.1. 1- trichloroethane  (1,1, 1-TCA) 
tetrachloroethene  (PCE) 

Ten  other  halogenated  hydrocarbons  are  also  included  in 
TARGET'S  standard  gas  mixture  and  are  standardized  in  every 
analytical  batch.  These  compounds  (and  their  respective  detection 
limits,  in  Mg/1)  are  trichlorof luoromethane  (0.05),  methylene 
chloride  (1.0),  trans-l,2-dichloroethene  (l.O),  l, l-dichloroethane 
(1.0),  cis-1, 2-dichloroethene  (1.0),  chloroform  (0.10),  carbon 
tetrachloride  (0.05),  trichloroethene  (0.10),  1 , 1 , 2-trichloroethane 
(0.10),  and  1 , 1 , 2 , 2-tetrachloroethane  (0.1). 

The  second  analysis  was  conducted  according  to  EPA  Method  602 
(modified)  on  a  gas  chromatograph  equipped  with  a  flame  ionization 
detector  (FID) ,  but  using  direct  injection  instead  of  purge  and 
trap.  The  analytes  selected  for  standardization  in  this  analysis 
were: 

benzene 

toluene 

ethylbenzene 

meta-  and  para-  xylene 

ortho-xylene 
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These  compounds  were  chosen  because  of  their  utility  in  evaluating 
the  presence  of  fuel  products,  or  petroleum  based  solvents. 

The  FID  Total  Volatiles  values  were  generated  by  summing  the 
areas  of  all  chromatogram  peaks  and  calculated  using  the  instrument 
response  factor  for  toluene.  Injection  peaks,  which  also  contain 
the  light  hydrocarbon  methane,  were  excluded  to  avoid  the  skewing 
of  the  Total  Volatiles  (Totals)  values  due  to  injection  distur¬ 
bances  and  biogenic  methane.  For  samples  with  low  hydrocarbon 
concentrations,  the  calculated  Total  Volatiles  concentration  is 
occasionally  lower  than  the  sum  of  the  individual  analytes.  This 
is  because  the  response  factor  used  for  the  Total  Volatiles  calcu¬ 
lation  is  a  constant,  whereas  the  individual  analyte  response  fac¬ 
tors  vary  with  concentration.  It  is  important  to  understand  that 
the  Total  Volatiles  levels  reported  are  relative,  not  absolute, 
values. 

The  analytical  equipment  was  calibrated  using  an  instrument- 
response  curve  and  injection  of  known  concentrations  of  the  above 
standards.  Retention  times  of  the  standards  were  used  to  identify 
the  peaks  in  the  chromatograms  of  the  field  samples  and  their 
response  factors  were  used  to  calculate  the  analyte  concentrations. 
The  tabulated  results  of  the  laboratory  analyses  of  the  soil  gas 
samples  are  reported  i*-.  micrograms  per  liter  in  Tables  3 
through  5.  Although  "micrograms  per  liter"  is  equivalent  to  "parts 
per  billion  (v/v) "  in  water  analyses,  they  are  not  equivalent  in 
gas  analyses,  due  to  the  difference  in  the  mass  of  equal  volumes 
of  water  and  gas  matrices. 

For  QA/QC  purposes,  a  duplicate  analysis  was  performed  on 
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every  tenth  field  sample.  Laboratory  blanks  of  nitrogen  gas 
(99.999%)  were  also  analyzed  after  every  tenth  field  sample. 
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Quality  ASSUrannA  fiamplea 

All  laboratory  blanks  were  free  of  detectable  levels  of  the 
standardized  analytes. 

All  Field  Control  Samples  contained  tetrachloroethene  (PCE) 
ranging  from  0.08  to  4.0  (iq/1,  indicating  persistent  carryover  in 
the  sampling  equipment.  The  PCE  observed  in  the  field  samples 
(0.60  to  6.7  /ig/l)  roay  not  accurately  reflect  conditions  in  the 
soil  gas  at  the  sampling  locations.  Unsuccessful  attempts  were 
made  to  remove  the  contamination  from  the  sampling  equipment. 
Instead  of  immediately  outflushing  the  nitrogen  drawn  into  the 
sampling  system  during  the  purging  step,  the  nitrogen  was  allowed 
to  set  in  the  sampling  box  for  5  minutes  prior  to  flushing.  In 
addition,  sampling  boxes  were  evacuated  for  1/2  hour  at  the  end  of 
each  day. 

Analyte  concentrations  in  duplicate  sample  pairs  were  within 
acceptable  limits. 
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TABLE  1 


SAMPLING  ORDER 


JANUARY  15,  1991 

JANUARY  16,  1991 

JANUARY  17,  1991 

SITE  2 

SITE  1 

SITE  4 

SAMPLE 

SAMPLE 

SAMPLE 

1* 

6* 

1* 

2 

7 

2 

3 

8 

3 

4 

9 

4 

5 

10 

5 

6 

11 

6 

7 

12 

7 

8 

13** 

8** 

9 

10 

11 

12 

13** 

SITE  1 

SITE  2 

SITE  1 

SAMPLE 

SAMPLE 

SAMPLE 

1 

14 

14 

2 

15*** 

15 

3 

16 

4 

17 

5*** 

18*** 

*  Beginning  of  Day,  Field  Control  Sample 

**  Field  Control  Sample 

***End  of  Day,  Field  Control  Sample 
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TABLE  2 
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SAMPLING  DEPTH 

SAMPLE 

SITE  1 

FEET 

1 

10 

2 

9 

3 

10 

4 

10 

7 

10 

8 

10 

9 

10 

10 

10 

11 

7 

12 

7 

14 

10 

15 

4 

16 

4 

17 

4 

SAMPLING  DEPTH 

SITE  2 

SAMPLE 

FEET 

2 

10 

3 

10 

4 

10 

5 

10 

6 

10 

7 

9 

8 

10 

9 

10 

10 

9 

11 

9 

12 

10 

14 

10 

SAMPLING  DEPTH 

SITE  4 

SAMPLE 

FEET 

2 

2 

3 

2 

4 

4 

5 

3 

6 

2 

7 

2 

7 
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'  ^  ^  ‘WPhvI^  re 

0  A^o  <.«^  V  A-4^t  ^  So 


m 


tJo  A^****^ 

C  r  4-*- A-r  V  ^  *1  A 

^0^  ff*^‘j  "  6JA«At  OiLa^^ 

0  ^  V-<3  -/  ro*/.,  r»^>A-AL 

^  ^VW-CAA  i 

lJtf.m^U.%  ^  fiu«tff<,wrti  AH  tJ-Vo/ 

Si*.in  ,  m»i  rew^)v  ,  »<n)i*»*^  i^i-*^’-^, 

t7,j  TA  rw  Jo%  AA*^  »  t-xoA**. 

'  (y  _  *  ^ -a/ /V  ?!«..  >  X.A- 


3CRING/  ’'v'Ell  no 


10  Ho*^■^^v.o■^.cfcc:le^t/R^ctec 


ntraclcr  i  r 


t»  OO  'T' ' 


Dria  netrcc/Ric  Type:  /ViA.  H 


coerce  ca^s) 


E-lcc  ' 

1  -'■cm  to  i 

1  Rf'ctecfco  Leve'  D 

n 


Litnoicaic  Des 


^  O'  Ih  ■  ’^uAr^tU. 

,  |r4*^*~-w  l»  l^€  ^  l7fc» 
tl-  C  ’’’l^  N/^j  ^  PW<»>r  Av?)^^  ^  Ua.^  y/ 
^*-***^L  (jLO-To)  ^ 

op  Snjo  lio  /  ^-;4  ^  s-ve^ 

(1.1  5/,j 

n  "^  M  C^U-Cyw 


0  lO  <j,^  ^  ^ ,  '**^  ♦*  r'-A**^ 

(^r/A  ^iT  -/ 

0  fJo  S>^  (yt) 

yi<i  r>  U»^<.  ^  r-*.tWJi;AyKy\  ^  ^  c-Mr 

^«i  t«  ,  »Wj<'>r  ' 

5«w»d  ,  (3A-v-fvi ,  hsytt,  ik 

roan-^  S0#U»O  ^  M/O"^ 


U'7-,0% 


T  rTji'rrr rnn 


F"  /  (5-  L/rz.£^  ^-3 


5t:v  CA'E  “'Av  qc 


3rcieci  -Jc  ,ito*i'iz..^c.ow  I  C'ient/=rciec: 


;v.pa2  Cc 


',o  jfis.  'T')  Dr'c 


letr-cc/Kic 


C  C'. 


Bcrerce  cats) 


ec'.xr.  Leve!  DO-. 


■  T^  .\t 


L;ti"oiOGic  Descr'  GfoTi 


ifi 


A^a 


L.^  <^‘-'-9  ( 

^  *«  C^aa«.  ^  ioo'/i 

f^T~. 

Crui-iJAjC  tSr*  M  UT  if  •  r 

■  -/■  ry.czA) 

/bo 


AJo 


^  ,  M.a^  reco^ww^ 

(7  CT^  ^;vVA*^ 

( I  ASA^iA  /-o  f  I^o-.  S 

£ii~7  ^.AJVik  AJ^4V7  TV3(’ 


Ujt-T  Cjatt 


Q  AJo  ^(-C0^fd-y  ■  LU^‘)t 


Q  Aid 

AJo  -.y.  .  Fjfcofcv  C'rc*A»N)«.  '.  .^»rKSO  t  3‘H7  3 

34^0-  \jJ ^Ov-tA.  C4Ayi.  .  4^  iC^ij 

ClUH>^  .  /Hao 

•>  ••♦  Cow** 

0  l^\t  T»  iofr-  ■  _  _ 


\j,3iA 


C  -  Ctre 


Fid-urz^  6~-3 


50RING- /*ELL  NO  SOJ.-fOS’ 


Barbor  Coordinates 


^rciec*.  Nc,,  C'lent/Rrcect:  WA^uMAr 


2  Ccntractcr  rrfL,AAa<ma>o  I  Dr  c  Ccrtractcr  to. 


J.'TDlDr'C  £''cec  Ih»l9t  } 


riel^’CC/f^iG  Tv06: 


.TV  ^ 


Litrolcaic  Desr-ation 


ICI 

I 

i 

I 


^  TB  £AAws»£0  ('0C^^  LO<n< 

^  /U«Ci,i<L«^  (ZCHt)  Ci^WUt  Oau^ 

Cl-  SYit  3/3^  ,  «**X.STWY  LX/bXi.  C^AjTijS  S>(. 
TUo  S*i>iioO  rfeo(2,cV  b . 

£7.5 h/3^ 

(,*4»wtO,  CMJk  lSA*t^  ^g£7it>  j 


n  5*^ 

^  SO/JTSC)  UJ/ 

CZc>%^  J  if  UPP*<-  (WuThJ 

0  AJb 


5  Aio  £dcexAH>- 


Cvu.£^&  (ajc”!  /s»ixi:vsaa-i  o  «»•<»  u*viu:<:: 

i  i^jTTVXAi*^  ^  ■ 

k  orf^  ur  (V  cefijua 
»Y  £4«MP  OpR)  ^  »  CM 

— ‘-■^  v 


Dr'i’^r  Aat  f^D/vi 


crercie  G’a(s)  ^  Vh  " 


cn  Leve'  D 


0ORING/  vv 


Client/Orctect. 


REV  DATE  "AY  QQO 


lec;  No 


-ia;w=ad  Ccrtractcr  I  Dr'c  Ccrtractcr 


[to  ic  ^  Dr'c 


e'.f'ca/R^c  Type: 


Ercm . 


n''er  Am- 


/fc  ^  'T'  i|  5oreno'e  c:a(s) 


R''ocec::or  leve'  o 


Lll^olCQlC  Descr  ption 


m 


Q  jS  &0%  j  'TC 

SfMO  'S-UOL-U  i'l.J'YA.  fc/2)j  So-w 


MA  I 


SuVi  A»vXr’i-<  Ait  ^  (j^y  S/4<vAC> 

(.So%)  fo  C*><*<k5.  I  A^ac^cttAH,  ^0 

L-i(,r<r  (^S'YlK  i/i'^ 

P  ^AAv^Ac  J  J  p£x:i»LxJT  Sa-A^Tji  u/ 

— ^  ^  Ccmr^Ct 

r<?^  C5a^.»,  (4V«,  ACc;>iT 


^  ^  ^0%  J  St'-'^  ^  SciM^>  rvvsjCL  ro 

^  jAaJO  ^  ;>e»s 

^^CS5.0  K  Aua^c««?.  («VMJ.TC  ((<%. 

rc  iu./* u-*H.  ^  A^i*.r 

0  o*  V  ft/L  (■ 


^  j  ftu>^  i' TCt-t-uft  <C>«-V»<J 

Q  n  lAj  .‘SAvat-j  ■'. 

Ao<,ci<^  X>  i>do  V-/  £ovu£ 

i-AX-OA  CcP/i-SvtiA  0<tA..>OA>b  ^  ^ 

W  S*^P  C‘<0^  ro  r.-«K  < 

Sic;  ^  ft*,?  Saoi*^ 

rt  /O*^  'iA^ 


^tyTl^ 

'  ,P«oA-*^  w/  5^«  i-icr,  SAt,J 

0  (tc^ocp  1  (^..^VA  C^/vi)  ^ 

C  J  ,  ft4A>|(4?  ^»oS 


!9u; 


AJ(^  VXlArTKA.- 
:mtt<-va,*  v*av 

/MDviY. 


aJA  :  . 

■:  j,  “(r^2Ke/rcr:  '  WA  I 

C.A  S 

-  , 

Z  Z:?r  hK  \ 

^ 0-3 


^  3  G  I  30RINC- 


Sta  '3' cr  Sky  Harbor _ Coordiaataa 


C:iept/=f-c'?c:  UAiSjddJ^  /Snp 


tracicr 


Dr!c  pie'.f'cc/Ric  Tvoe: 


Sf  ii. 


Cr'i  e 


grropp  ■  a 


^''ctec 


.'t  -M  fc.’' 

^e'  (f'* 


Litrciodc  Desc^  D;:on 


V  'C  sS 


m 


^0%  I  aACOtc  Patus 

^  SAKiO  Vi)  u/ 

0  5«>v-o  ^ 

/2^>um>o.,  /W^<sr.  /«y 


\0 

p,S7^  V  V  I  5>£)^e»/>  >1^ 

2s%>  .  i(lA>-  T«  n>  ^ 

f'  '  5CJ 


0  A^« 


Q  fio  C.&u»p^  ^  Cv<-fc«M>v.  Afl~  Z.S''^  '. 

_  fthjL.>KLA^  i«Ci& 

^  fouu,y  ^ 

'V  A*»/ <■<•■•«  *«,^  I 

•*t*P  »y  6e»v*fck  4' 

,  A7vi«.4<4^,  A»^rxj<  ct^ 

^  5/WO  rJAa<*/«i  (\.ry«.^ii)  ,  n^iut  *o*i^-‘o«tnM> 

2^?%,  HjiftmJti  r*  An^Am-a^.) 

«4«/i  i  «c/  Su**dUYAW«T. 


50RI 


Skr  Harbor  Coordinates 


enl/'-rc  i? 


=  Ccrtractcr  I  Dr‘c  Centra 


^et..^oc/Ria  Tvoe:  /hA«Aww~-^ 


C  Z\’ 


I  iFrcm 


'Ti)  Bcerc'e  C'a(S) 


,T>  ^ 


'fc  r 


,v' 


Liiroiccic  Descr  at.on 


IFai 

I 


I 

i 

I 

u 

I 


jo  */e> 


0  AJo  Lt-c^y^X 


Ctexont  t,  m  ^  H  I  ^  : 


5i«>to»>  D<4Xx>^  C^^AS/^  ^ . 

poou-t  io<tr»0  uV  ^  ^ 

2D^I  kxfr<p  T*  c»a>£*^  ^  /tA4W)>«u7  »A£^i 

/  jDmlk. 

fUx^  SjofLii^o  ^  y>  So 

MCfy  S  >tTi  ^  it  ‘'*^'1 

«*»  ftxiV-e*^)&.. 

.  5 '  %  j  6>7M*4-  ,  /WtH-*-*'*-/  f3A>4«M<. 

5^  5*mp  i%tyK  3h) ^ 

Aiot^^caa.,  •»•  ^  £>cw»5-»x«-^  6/* 

0  /O  o  tLlfcov-  «A-T 


(3  /\Jo  ttc<A/«-«.T 


'^%i  *«■,  I?  fceMxxJ  (?-rVK 

°  ^  S/vi ,  (^i^»<Mr  iotrwo  v»/  Sfi^taP  ^ 


AJ^ 


LJ-_Li,J_Li_L_Lj,J  i_i_Lj_J_l  I  I  I  I  1  I  I  i-LL-l  J  _L  J_1_I_! 


50P 


-f-rr-r 


J^i6-urz^  ^-3 


50RING/WELL  NO. 


oORiNG  LOG 


irs'.ailalicn  Skv  Barbor  Coordinates 


Rroiect  MO,  CHent/Proiect: 


riZwP.-P  Ccntractor  Drlo  Contractor 


Drlo  Starteo  ioeoi  m)  Drlo  Enaea  I 


Driq  rat.noo/Rig  Type: 


Loocec  Cv:  i^A*r _  E-Loo  (  Y  /(RN)  From. 


REV  DATE  MAY  19<50 


Borenoie  oia(s)  •f?' 


►Protection  Level 


Lithologic  Descripiicn 


t*^r>'rt  rvui^  ^da  Ht <■«»«*■  I 

i/?) 


\L\S.  5ft 


^  ^'***-,  Awfc'-uiHc^  t.  •«»‘r /ic. . 

fYt  Vy  7>  i  A)  ^  /-c,^  V 

l^,  I? ... -^itci ^  huio  !%  AuiSr  I 

^  ^  n,  (. -CHi 

Vr/e  ^  t»  ^  . 


^  0  Rj-«— 


Q  ^  (y  a  ^  ^  C  Yc.w^>#v  /n  ^  G  A  •  30 

<■  ,  401^  ^ut«  70  Ci>a)U«,  ^ 

(^rYrt.  s/’t)  if«oi\jr  Sut-TS^  *»/  ^  liJ'K  ■— 

fr  Anjp  Avjfc*,^  a44«  ^  **/ 

tWa  c^  J  Best.  ' 


u  •  7.“t,  wall  TuC? 

5  •  Sc  ■;  'coor.(tLCe) 


R  •  Roex  Ccnr.g 

0  -  Other _ 

Motes: _ 


Fieic  G/CtMavie/noG, 
G/C  Oper,;  _ 


BORING/WELL  NO 

:  50  ? 

Jiol 

>S~— 3  »-> _ ; _ Date  i 


oORl^^O  LOG 

ir.^iailaucn:  Sfcy  Harbor  Coordinates 

^roi&ci  NO .  Client/Proiect.  jc. 

riAZwPA?  Contractor  I  Drlo  Contractor 

Drlo  Scarteo  </te/l»  (uKor  A.  m)  |  Drlo  Enoeq  (»  :  vo  A- m)l  Borpnoip  mac;) 

Prig  neinoo/Rig  Type: 


Looceo  cv: 


E-Loo  (  Y  / 


Lithologic  OescDDtion 


AK1u**-«..  U«-ar 
SnJ^  Sufijio  Ljj _ 

T®  »4ii<5  |h«  rT*v»A.  I 


-  5b 


0  ftCi^yiAY  ^  A<  W6  "A" .’  —  5o 

ir®A  ,  iu.Ar>^  tli.»o- 

Ll-fft,  6/*#)  ,  (}>6/^i it^rf-o  uif  ^  _ 

M-t  cgt^Li!^  ^ 

0  tp  ^  99^ ,  6j*%«7  ,  Pzww  ^ 

^  AAzyn_'»  «oim.  >,<«>  .tiJ"  jo 


^ibun  Su&/^  (}4j^ 

(l.^a  S/vi  ^  ^  ^ 


0  ^  -  50%,  6mavc^  Autw^,  Hun^  ll.rt/L  S/\ 

>*0  l»ot*Ar  w*o  ^  ^  jo^c, 

^  f^-^r  y^ro»A. 

0  tio 


“.O'- 


^  50 

~  yo 


A?r  ~  .  —  50 

So'i>,  /Vs)i«>oA«.  n>  WZ  rec«>»«u(,  iIAa^^ 

/  (i  ftt  j/')/  Sw%ej  t/ >U»M-a*A^  _ I 

^ _  IP<>uAua»<*S  iMto  >«6«»*A»<i.  c^g>t>A»  ^  \ 

. -  r.  wall  TlC°  'If «  |!toc;c  Coric.g  NA  .  .  FieiC  G/CtMaj^eYMoa  ) 

So  ;;coor.(tLEe)  O-Other _ cA  ^ _ o/c  Oper.: 

":.:'.'''l  MotaS; _ _ 


\jc^  iUjP  h  j;  . 


^  t  6rL/tZ..^^  >S~—  j 


SORINCv  /»cll  no 


0  R  1  -N  G  LOG 


stailaticr  s 


RroiectNc.  37.oy  C'lenc/^rc 


waZ'wPaR  Ccntractcr  tTU>jL/*ej^rru,^  I  Or'c  Ccr, tractor 


r^G  Sta^iec  ,7?rM  i  (ji  oo  |  Dr''c  Encec 


Or!a  r!etrcc/Ric  Tyce: 


_ ^E’v  I^ATE  ‘-’AY  •  Qq; 


*TC  2. 


Dr'i'e^ 


i«*f  lo  m)l  Bcrence  c:a(s) 


^^ccecticn  leve 


ul 


^  '  .\t  U' 


LitholOQic  DescP'ction 


A  SiLT't  P<tO«.  f»  Vlt**. 

0  ^  Si^xJO  QA^ti  .  s /l)  moi  ir 


ir*]3 


(i.sw'X), 


cL\  '  5»h  /fc 


AJo  ^5.  Cij  V  iA.t 


TA-ttiM.  Cr  ^  2.6  ' 

S #<l^J^^  ^  ^  ^  u***<4-  ca 

^  ir  ^  ot", 

Q  aJo  Rk-jViay 


IS 


^  a)o  A“*.w>YAA4r 

/“<aA*  C*C*-ar>i^  A"^  ■€.  . 


r  Tf%^  JUiO  r»  £t3^«-.  I 

OlW.J'5  b /l^  yjl ^Td I  u>mi.i^  Al-^so  Sf 


0  -  Cirer 


* '/-» r  j  c 


Litrolodc  Oesz’'zt.oo 


>(.0  o.*'^ 


nl 

I 


aJo  ft.  i.<»*v  t4«T 


<•  >  .p^  ^oVtt  ^  C>*>*-*«  Qo-^o^i£> !  ftoA^ 

^  ^  C»Art.T5  ^  X/j)  ^  6-UK^, 

/Cf*Zj  I  r>i«»  r  ^ 

W.w  /^liT 
<J  o  L'^c^>Jf~^ 


:)A.s4£>  J>&J  W5o-^  i.u-t 

^  iOl*  f  ^  it^'fi^ 

/H»'  i>r  ’  ' 


■^^'"*'^  r-*''-^!'  !o«-'w  >y  1^0%  ' 

f^Ai<t  ro  «A^  ,  S.»»t  ^  Ia^IK, 

M^isT 


A^  (JT 


t>o 


Q  /V/tP  t-' 


^/Kjo  5/}j|  u/ 


rin  Sta'^iec  « 


Dria  netncc/Sic  Type: 


/  V 

i-i 


E-lCC  •  (N  j)  from 


L^troicaic  Desc'ct'On 


P41I 

I 


S^O  u/i-^  fx-T";  (Jsre.  ^fi\ 


IP  3-^P  «%,«« 

ft.r'tJ/jJ,  I— sr, 

^<1/1  C»-.~0€O  C;^U^ 

0  aJo 


j<  ^ 

riMfe  r®  ,  /Uo.  V  r 

0  fJo  hcos/iAi 


0  /Oo  1^*- 

fi**»>\  C T  C»^»«l S  Zk  ^ 

5|>n«C? 

(Trrt_  ^/w)  6<a»^  ,'^<>^,  nj 

/3  ^  f^PULL^AAi 

0  A)o  i?^5.CL>ySA.Y 


,r>  .  5"*  ■ 

,  'fe  .t  .o'^  4»®  >,» 


f 

Y 

Y 


-'C(l^2<e;  “cc 


c  -  c:r? 


SlcY  Harbor  Coordinates: _  I  S  te  2^ 


UliUWT^TWjfWPIB 

•  -  ..'C-^P^C  Tvoe  A.<^Pc-a^.^ 

,  G»rs.^ _ 

:e:  :v  (^L/wl£>../\>^  i  £--c 

MBSiMBiE^B^BBWiypll  1  III 

n^rr  rrri“Tn“nn~i^TTrTTTTTT  r  rri^ 


sS~— 3 


BORlNG'-'wtL L  NO 


30RIN6  LOG 


nstalla'JCn  Skv  Harbor  Coordinates 


^ro  lect  No,  “o’iV-ofc  Ciient/Drc 


HAZWP.iR  Ccntractor  fT I  Dr'o  Ccniractor 


OriQ  Startec  A.  m 


DriQ  Metnoa/Ria  Type'  OtiAc  Ti^as. 


From 


R£V  0AT£  MAY  ;q 


e  3 


■lai 


Dr;  I  'er 


Borerc'e  C'ais) 


Protection  Level 


-\t  ►' 


\m 


LilhoiCQic  Descnotion 


(.i.ry^k.  7/j)  ^ 

Sc^-rt,o 

6?^,  /vs*- ,  .  ^4<Ca‘>r 

,  /tt*^  W  TO  Sna 

uJ! 

/IAJ»  .  ^Jioi^ 


>*AJ»  . 

*}0  A<Uil>  It) 


lo  ro  Aor?  05  /k 

S^o  f7/woA/  ,  pA»**-r 

76)%^  A.tJr>n» 
n>  ^xa>A>c  <^u* JUT  /tO«  vr 


!ia 


AJ  i7 


A,„  ^  Fk^Cic^^  /H- 

7f%j  MXO  rt5  o AJ*,  jtA>»5  r*e  J  ica 

S  AieJt)  Ct.  )3a^  ^^.S>0.  ^  A:>€5<«-*-Y  £<5ycr*5 

<^l  (r^^o^^A.  ^  Zf^U^  /i**d  re  CtJI¥^ 
rO  S-^>  A»M6.  Ha*)?  //7>*44>nK  »\ 

fJ<<SM  aar*i.n>  ftasAo 

0  Aio 


'311  Ttte 

R  *  Roc;<  Ccnrc 

_  r  ie:c  G. TJM.aicp/Mr.r. 

looM  tcce) 

0  •  Cirer 

G/ C  3:?r 

^ !  G-urZ^^  >S~—  j  o— 


E0Rl^4G/WELL  NO 


BOPiNG  LOG 


irstaiia'icn  s 


Pro  lect  No.:  MOW 

.'oL  Client/Proiect: 


HAZWP-P  Ccntraclor 


DDc  Starteo.  3/22ki  3o  |Dr 


Dria  netPoO/PiQ  Type:  liMJt 


ccec  Cv  <»  I  E-Lcg  '  '''  / 


mi 


REV  Gate  NlAY  ;  Q 


ace  A-  or  S 


Dril'er  Ouxa-mt  . 


BoreroiA  Cia(3) 


Protection  Level  t> 


0*' Vo<^tor>®  ^ 


LitholoQic  De*"" 


/v-aP  /hoAiO  l  w4*  kr*t^ 

5l*K4t^  f3A^tx*i  Pp*V*aT  Sf 

uy  itt-r  4-  6ica*»^  ^ 

/kAp  rzi  /<rA> .  /HO<jr. 


Stn^O  i/^  I  ya»»JT>  ty  i  •'•T^ 

AkW  >«  €^P>  r“  S  Ml*-  ^  *A  . 

Ue^  AAo<sr  • 

SS’Vo^  AmX  no  A-AVOAM.,  6<2-»tA*M 

0  Sft>JO  I'hsytz.'t/^ 

amU  ♦.  Ca!V»a*«^  r«, 

fUiA  >»»«A.  llioUt.  /Oor 

7-  /»VW*<-*r^M. 

/t<4U>  n»  C<A>t*4S.  ,  /<A^  ft»  S 

0  *:°  CAa»*^a*  wra)  tavi^ 

^f  i  “-T  i. 

Gm***A.  ,  ijDti.,  *UA«i  ^  i^O 

ro  i'A* 

.MfcZ.  r- CAVVM-fc^  f2rfAuMn* 

'**  5A>JC>  S/3^  ^  f^oA.^  SA>/criW»  •-/ 

^E)4f.,  M.  £23ftA.i,4L,  ^e>  1« 

/Uciom 

<5fO%,  ♦*>  c»AA**-,M>UMAAn~, 

0'i°  ff,wu  v/j)  »u>^<'Ar 

lO'i>f  /Bif^  ,  Mt>i  f  (Wit  i'MT. 
fiVUT 

0  AJo 


JO 


r  .vail  I  Lpe  R  •  Roc'<  Coring 
.  ccoordLCe)  0  •  CLPer 


Fieic  &/'C(MaKe/noa  ) 
G/C  Geer.. 


T 


» 


v» 


(y-L/lZ.^  3~-  3  p 


_  0  G  I  SORING/  ft 


:r  skv  Harbor  Coordinates 


lert/Rrciec:-  HA^'*£Ar 


Qr’c  Ccrtractor  Liv<M.i  £ 


lit  Ti )  Dr 


cc/RiC  Tvce:  D 


V  !  E-Lcc  '  ►rcm_ - to _  |  R'ctect,;cr  teve'  "D 


m 


LitrolcGic  Desc-  Gt  on 


0  0^  c,  tu<0  rt>  rt>  ^lol.  $*», 

^  /4A*Ti-ar  4/^ 

tUM?!  .  />y. 

^  /«AJe-  ^D  S>^VAr^t,  DOuu 

/^^rr^VO/  ¥>*j>^  *y' 


^fi.cov<ut.y 


0  A^J 


*iO%^  tuAfOCf  ro  a>fV*i.  j  r» 
6itA*r^  fao^r  i-Ara/>  ^  S^tnio, 

RiJOn^  A»o^-  PM  ^ 


0  AJo 


-  .0-®  4*'  vs 

yo'' t 


IHSI 


0  aJ  o 


Fl3rUfZ^  S-b 


SORIKiC-/<v 


5  te  J 


C^ent/Rrciec:. 


’wR-3  Ccrt-actcr  IT I  Dr'c  Ccrtractcr 


-tec  '5/21A/  ;»  zf  A  I  Dc 


cc/Ric  Type:  Dua^ 


From 


?0  i2_  tri ) I  Bcrerc ‘e  cai s) 


Rrctect'cc  Leve! 


'  .\t  ,\t  u<' 

t'e.o’ToTs'®  L'tl'oicoiC  Des-: 


Q  /Jo  ■  fVw,.  ^  SM 

TO  A»og. 

(D  4-  Sat^o  ^ 

A/sj»  ^  /tiv»«>j  ur  fio  Cl-Ty^ 

0 


Q  /Jo  j  C)tt.>.^^  AT  ““  ; 

X  _ _ /  ^*-*4  »  ^  f*-^t>  >0 

/2W7  f  0li.A4>  ro  cc^oO*.  I 

0  /Jo  ' 


0  /J«’ 


t  AJ4?  Ricoyfve-Y  c->»e4.*^  -o  G*i^  '. 

?«£<ur  cat<iu>  vV  *r.>»o  i«3!’., 

•H.  t4!»K«  (ajY/^  5,  X 

T*  Swt^  ArvJC  /Hi>,sf.  ^  J , 

0  t\0  4^tc«rr^ 


60Rf  ^«'G/  vv 


:^rciectNc.  |Clienc/=rc 


m^tv^pa:^  Ccntracicr  rrG^/cA««erkM 


Dric  St 3^*160  rrtit^t  ^9  Zr 


ODc  rietnoa/Ric  Type:  Oclac  lust. 


LOQcea  Pv  ^AAp- 


pt' e,o'^to''^s'  yC^*-' 


Liiroicaic  De5C'‘at:cn 


V  30  i2_  m)| Boreroie  C!a(s)  lO‘t 


Rrotectxnieve'  0(<V4o,^^ 


Alo  2.1*"'^  /n-  — I  JS3 

T«»  iCjivO  /*  S  AKje., 

^  !  iho^'T  ^iP 

Lt/  ^0‘fo^  tA  em0ht4^f  1® 

rt  iu^  AiM  .  ,  Coa^u^  kyU,^^*Ks^  ^ 

tlMo  to  Cc^  /*V6-.  rr.' 


r^T  Cre-**^!*- 


^  iKioi.  rA>  ^  /C>»W4<-  P/^C«^ 

’'"  ^  -#t> 

T?  CxPiSrffc#*.,  COtrOlt*.,  Aa!»C3 

V«^  fVAOvSrr. 


<  ^0"t>  f  ^  0rO^  i.  S 

/Vv/P.^ 

CtPA*^ 


•f^  AJ 


$•^1?  ,  f«^T^  (0KA^>Jii  C»oAi^ 


^^rrvi^uc 


T7(:>  :  '^. 


P  »  Pcc 

)  n  w  p  *  h  • 

'  -<  <»'  k  1 


(r2<e/ncc 


instailalicn:  s 


Protect  Mo 


HAZWRAP  Contractor 


Drio  Starteo:  3/ii 


Orlg  netnog/Riq  Type: 


Loooec  Dv 


Ciient/orolect; 


OriQ  Contractor 


f  ^m)  I  Dr  to  Enoeo:  3 


Tluit.  rc. 


E-Loo  (  /CNJt  From . 


e  3 


IE 


Driller 


Borehole  oia(s) 


Protection  Level  D 


m 


lai 


Awp  yt>  5u# 

AfJC'i  (f.-CYiL  JA)  ,  -2$ 

ru  Pwucj  I  ■Jy 

fo  Av«>  »v> 

;a*?**^  t/  ^  % 

iCI%.  ¥^**>  CjDMjKj 

fiAjP^ 

.  (-  5^,  M  COH*-fct  T»  Jk>-o 

u  T  >bsiO  (^JV-  5/53, 

uy  ^  tr> 

0  Aicx>c/^ 

I 

I'^iC.^ouoj  V/^J^  S(yaKje> 

^  ZOfof  k*C0$¥i^t.  ^  fmK  n 

i  OtPiSA..*^^  10%^  ^o,Cm 


a 


0  f<io  (Uxx»^*^ 


o\/^o 


n  wall  Tcte 
;  scocnttcCe) 


R  •  Rock  Coring  , 
0  ■  Other 


Fieic  G/CtriaKe/Moo.) 
G/C  Ooer.: 


boring  log 


instaiiaticn:  s 


Droiect  NO. 


HAZWRAP  Contractor 


OriQ  Starteo. 


Drlg  tletnoo/Riq  Type: 


LooQeC  bv  u 


!  &urz^  >5~-3 


BORING/WELL  NO  :  SS3-  03 


Ciient/Prolect:  H 


I  PriQ  Contractor 


Drlo  Endeo;  s 


TLoa 


E-Lod  (  y  /Qpt  From , 


II 


REV  DATE  riAY  !QC 


IE 


Driller 


Borenoie  dia(s) 


Protection  Level  V(M<Cit 


0^  e\t 


m 


m 


uw 


_ Limoloqic  Description 


^rt)  ^  5tJ 

S  MmO  j/ij  ^  $<>/</•»<>  V  Q> 

/Vv’O  7*  _ 

^  CjoM^,  ,  i*^'>  r»  wtf/tuD. 

5^*00  ‘^Aj,  KoprtiAr  u/  X/i-r; 

,o1b,  174—^. 

ro  ,  Aa>>  ^  ^ 

!  fr%^  ^*“^1  /(/u> 'VT" 

SAw.*«l<  /fr  Cii)<?«ccj 

PuCK-**^ 


/O  A  Cc^v— ^ 


Q  J  /PC' A-l  JT^  ^ /L3 

aW  ,  Av>c  «5.^a^-,  i:)a^ 

(7.rY/i.  3/3),  (%-A^v  50«».0  oy'  __ 

5H.-r  ^  ^ 

<U>MU^  AiV^>  <• 

Ao  _  j-Q 


i 


Ar6p€ 


T)'  n  wall  Tube 
:c.  ;  acoonttcbe) 


r  ros«<j/iA*, 

0*-^^  (^.rv/L  3/3)^ 

SOfU^u  uY ^ 

<0  Su*.  t 


^M«o  rv  c<?n»fct  ^1?  10  Wo-  (t<v)i> 


aji*t 


■  Rocx  Coring . 
'  Other 


feic  G/Ctnake/Mod.). 
G/C  Ooer.: 


5<< 

V  Sic  p, 


4 


QEV  DATE  MAY  l<?c 


instaiiaticn:  s 


Droiecl  No.: 


Client/Prolect: 


_ [ 

Oria  Cchtractor 

Ca^<»  fc^tVrr-^fkfciTTi  i 

Driller 

Drig  nethoo/Riq  Type:  D4»<w.  TuAi 


E-Loo  (  V  tO)  FfOfTi . 


.  _k  m)|  Borehole  Oia(s): 


Protection  Level:0 


.T>^  o'*’  c'»  ► 

to  t0'\0''  ^ 


Lithologic  Descriotioh 


l^il 


m 


Ci.rr^  yh  ,  A-oiircT 

5q47T>-  i- 

(OoTP.  St>L«-cn.}  <teisr 


ICO%i  foSitii 

(3a«(.4m«  (7.CY^  •S>*Viu> . 


^5^^  Ji*^  /U  Con^/  ro 

S/bs>0  /?,Ort.  xA) 

6ti4ti^  ,  10%,  tu^  f  A^t>. 

rvi^  Ms^i  ^  O^ttnuiCi  S‘fo, 

Ct^K-,  Mo  .  0^7 . 

8^fo  I  A*Cc/  ,  /tA<c»  ho  i-ft-  rJfttMw 

^0  3A7srt?  TO  Cu*iv  «a**^  ^7*s-Y/z_ 

fitfQ.  ro  A. 

C08-3  y  (Ky  DAV 


S/»  Xo 


_  6o^o,  ho  1««  Ra;P  f«  ^ 

oP  3/»^0  fMocxt,  S/s')  ^  foe^  iOVIvCk  I 

Kjf  ,  3  »o  C*»tlMW  y  yoyp 

ro  t  to'fo,  /'W  K> 

CPM4J. ,  tv  ry^T 

0 


/Uo 


u  *  TT  r,  wall  icte  R  •  Rock  Coring 
S  •  Sc  ■.  =cocn(tLt:e)  0  ■  Other 


Fieic  G/Ctnake/Moa.) 
G/C  Oper.; 


boring  log _ 


installaOcn  Skv  Harbor 


Proiect  NO 


HA2WPAD  Contractor 


Drlo  Starleo. 


Driq  Metnoa/Rio  Type: 


Loaqec  bv 


^}6-urz^  >5“- 3  o- 


BORING/WELL  NO 


_ Coordiaates 


CKent/Drolect: 


Dria  Contractor 


too  C.m)  OrlQ  EnaeO: 


TtAac  p^^ct.u  I  i<i». 


E-Loo  (  Y  i  From 


R£v  Date  may  ;q 


Rage  2  of  -2. 


Driller  D 


_t  mil  Borehole  aia(s)  /0%' 


Protection  Leve I 


o'* 

0*’  X 


M 

i 


i 


Hlhologic  Descnotion 


^  /Vjf> 

Sc)A-r«4 

^  AV/ewfl.  j  20^^  Ae  ^ 

to  n 

SlA^  <wo4>.  AvoiVTh 

5ibJ0  tn  Cja»*«44  (loo, 

(^sy  s^j  ^  fiao*^  <y 

I  Jtyi,,  /W.  !  i  couaj 

IcA^^  A*^  ^  ^ r\>C>  xj‘s3£> 


k)o  £.0. 


s/zr/t  f 


/O^)  y 

ToV  ICUO  rn  MJA., 

(^.rriv  7/7  A-V/?)^  ^os-e-trP^ 
w/  A»>  c*'AA>«.,  Av/aA  r 

ia/5  a**a»a,  4  CtJOaci^^  TO 

?s7»,  /U*i  ♦«  Caa****-  ,  A*  Mit-tu-w, 

riauuv  i.0fi.r*0>  <*/  2f%^  <««/  < 

Ctvta»€.  ^  /Cv^  /o  A»ot,  •2.^o«*aaJ 

V/j)  /K<5.5T: 

^  c-T 1 

K  c«ai>«Wfe  A«JO  Cu^ 
SArO'7  Mio-i  QtLM-j  ith')  f-sc^y 

S^O^-r-^^  w/  <s<^^  ^ 

ro 

^7  /t)  ^6  ,  ^  ic^.  cotti 

(t^x>  ro  4**/^  /*A>£>,  ACo'^r" 

■TID  -  9y 


AJo  KCfcO'A^ 

M'SS'fi. 


r,  wall  TcC? 

.  scocnttcce) 


R  •  Rocic  Coring  , 
0  -  Other 


Fieic  G/CtMake/MoO.) 
G/C  Ooer,; 


2  2_  ^7  C-*-^ 


n\  M] 


50RIKC-/  » 


V  Harbor  Coordinates 


L  ient/=^ci 


Dr'c  C:r 


A  'T')  I  n 


/Ric  Tvoe;  Ai;l  M<Wwv>ai(.  _ 


-rcrr 


L^tr'oicc’-c  Oesz^  zv.on 


CP.  teve'  O 


5(UjO  to  ('tw.LT  APArSA,  w/  Sn^  - 

i44-r,  r%, 

***^-  Mohr  5/ 

<  r*A9,  <f  oa^ai.  vJ*M^  s<a*-r»o  „ 

5«Md  i.^  h-srr^  ^/v).  ^UJ  , 

■*6  u/  / 

(M/F  Sci«,«/wjr  jMi^X  . 

«  ^  ~  S^,  Aiuu>u.^  /,ifc*«ri*V:^.»' 

(?.OJ?.  ^/t);  ^ 

VP’A,  A»>«*.0  fityJUuU^ ,  ^  S<^ 

^  C*/t^  (LouM»jr>'SJ>i 

0  ^ 


0  <•  ^  ^  <<»%,  6?^*^  /KiAM-ds.,  ^4««_  ^ 

(3ou*(0  O.CY*.  4/v),  I^OiMU^  iC9|US>> 
b*-**tJL ,  <k>*4.  n.-  CuiSMSy  Ctt  ro 

/VaKmm^  u/  Qyiia^^-ty  ^ 

M  C«»#**sa 


bt?^o^  6nsa*4-r*  , 

U****"  «3i’«***j  ^fCCTe  t/i^  ^  S^ 

^  3  <^,  liK»i  Oom^A  f  r»  tf>  ^ 

^  K,ie*Cy4i^ 

~  Jo 


01  Aio 


Ul>.io 


rrrrTTTTT“r  iT^  t  r n  ii 


SkY  Harbor 


5  :e 


I  gcRiN3.- ^-El. -JO  Mvcs-cPi 
Coordinates : 


I  C  ert  ^^-:  ?::  AATx^tiM^ /  Skv  Aoi. 


:  te:*  nc  . 


•  ^  _:r:rac*cr"  LT'Gi;^o.«*!T?<»at _ |  Z?^  c  C.rtrs-lzr 

yhhi  ioeejo  JL'^’ I  D^  :  E''C?C  Z/Uti  /‘^cXP-^'r^!|~:rerc■ 


Dr'z  rei'cz/^  g  '^vDe:  Ai<.  Gv^..otv 


:-uCC 


) 


^cm , 


,  ic  , 


Dr-'r  p- 


30RI NG/  vv' 


S'.3  3’  cr  SkY  Harbor  Coordinates 


Jc  ^ni.ez-ou  C'iert/srciec: 


2  r^'rtri>r>rr  fr/-  ^  |  Dr'c  Ccrtractcr 


Dr'c  5t3'-:ec  i/T-M/  aa  15  a_rnMDr'c  i^cec  2 


“^:e'^cG/Ric  Tvce:  At/i 


5  ce  r 


Df  I  'er 


Bcrero'e  G'a(s) 


5rctect!cn  Leve! 


LilholCGic  Des:':Gt:on 


^«noo  SiH)f  ttMrmA  ^  j-ilT 

{i2aO04»<.  i 

UJj  ce>t}3\^^ 

6-f%f  d^aa^a.  Af^C**jL.ACj  /?<**«*»^ 

3Auo  (!j.ry/t /A)  ^  foodJit  u/ 

<.cr  .  t  ^  **  taapUa^ 

yo  5  tUl  . M.  «!■  j  ^  ^i(£09l4d 

f«  4oaA»c^  ^<^00 .  1/r^  Alt?0~ 


C'rr-«-<W^  f«  ‘  •  i>  .  . 


<-  »»U«(  ^iPw4«>a/v  M /H\ 

0  9iiLi*  ,  ,  £>aMK.  /yCAa 


.0 


% 

c'" 


^  r*  >i«vtA*  u/  Atarf  A)— i«o 

iB  ftnu**^  dO^oJi.  y  4  ♦Mci  e-><*^».,  ^ 

IP  5**-<J  (LcUmiO^  2-5%. 


4. 


A.?  _  r 

^oa=rt  l  _ 

ii  “!  Z 


UJ<i-au 


{r2<e 


BORING  LOG 


installatioa- 


Rroiect  No.:(4^^Z|.01. 


haZWRAp  Contractor 


ES39 


DriQ  Methco/Rig  Type; 


BORING/WELL  NO 


5h^r>  I  t.lo  U  ^Yf^  v/h), 

loA  . 

^  ^•»ccv3S44 

n*^/tu.  /casoisk  Wi 

4  Adjttfcu/  ^  rf4 

^  c  . 

^  w  l^v.  >»44A  CjcU.t.H^ 

^*^**^^  0-  '  ^  l/V  OM.4M4.  ^ 

6a«»wO  V«Ce>*v<c  iL«_)ck  (?.  rT/l^\ 

'1*^^  v/  tf^nsAto.^ 
ftecn-*  iU4«brA>n>.  * 

r 

—  6^—0  (i.rYt 

^  rfw..JrM>WTL  ^  t>»Ufac  r3.4^ 

fitA^  J  7  .  >r  ^  « 

3,»4  •'Airr 

4.«.  J  A. 

^  - 

, ,•  ^  fj/cc^*, 

- y-ccA^M.  eot«i.  i-jjT'ra  c/  \ 

^/VJ- 

2  ■  />0C<<4A»- 

■  (>«AA»  vr*v^^«c  ^<Ak  )r/t  Wj j 

^  VaMS-a-.  OiUm.iA  -  ■r>.  ' 


Cv<rytu$^)l 

(T/CC^a 


U  •  Thin  Wall  Tube 
S  -  Split  spoont tube) 

C  ■  Cuttings 


R  -  Rock  Coring , 
0  -  Other  CA 
Notes; 


Fie  10  G/'Clttake/MoO.). 
G/C  Oper.;  ___^_ 


4 


0  R  I  G  LOG 


r^lS-L/fZ.^  sS~~  G  <>— 


boring/wHll  NO  rr-o\ 


RrciecL  Nc..  Ciient/orcie 


wAZWPiR  Ccntractcr  I  Dric  Ccrtractcr 


Dr'a  Star'ea  tMmm  ii/i  /)i  ^  rn)  I  Dr 


DriG  Methca/RiQ  Type.  AiA  Kec*^  H 


cccec  :v 


REV  Date  '^ay  oqr 


U 


On  I  'er 


Bcreroie  cia(s) 


Protection  Level 


LilholoQic  Oe 


(2Sry<  S/^)  /W4u^ 

55 -<V 

VAA-AA^a.t  (Uc<^  \JC<«.T  DmAK  tU^ 
{to. *1.3/4)  tu/  2.-i  4*>4Acu.aA. 

-fr%) 

ivf 

VA*i.cA»a.t  juj> 

(1.S-  Y<  Ui/  2-S-^ 

DR.A*0<A  /ip  . 

"T-D.- 

7^  fu^uru^tx.  — 

>l^h( 

bSA 

(Ltrj  t>Aa>wu  iLottk.  Ilf  tifk 

^  -  iC  voi c-<*W<c 


TD.  ^ir'^ 


(naice/Mcc 


cn.  tLCe  I 


BORING/ wtLL  NO 


irstai iaiicr  s 


Rroieci  No  ^  W<9l7M.o7^C;ient/Oro>eci 


Dr'c  St3''tec,  tliMHi 


OrlQ  Meihoa/Ric  Tyoe:  AiA 


V  Aa)u> 


Site  rAv'Aw 


Dr'c  Contractor  LAet^i. 


Dric  Encec- 


CC  1  ''  / 


Dr;  I  !er 


Ti)  bcrenc'e  C'a(s)  (0 


Protection  Level 


i»k'i 

Lit^ologlC  Oescrction 


0-  3  -/  SMu.£.  5i4A*4>  (v  . 

4/y). 

(I^SY^  (o/h), 

loA.  r  C  V'') 

C^u*±.  I 

5»»*»  ®»,iy^*.TK  f 

plt^t>L<Lr  .  t^wOC  umtttnl 

ChuJ^f  ro6,AAx  ^ 
p.— .vt>-.'  /e-y.  ujf 

!£i:‘  t*u«**o  A***  . 

/U-T  ^c«£)  ,  5,,^  ^  ^ 

r/'y)  .  S-.*^  Afv^C^^t  /'iCrw.Mfc^iTi 


-bi¬ 


ce 

0  •  Ctner 


(rt3Ke/Mcc 


tr 

3a  TO 


boring  log 


inslaiiatiofi: 


Rroiect  NO. 


HA2WRAP  Contractor 


DriQ  SlarleO:  t 


DriQ  riethoo/Rio  Type: 


Loocec  Dv 


BORING/WELL  NO.  ?P-3 


REV.  DATE.  MAY  iggo 


p 


Client/Pro  ect: 


Driq  Contractor 


Prig  EndeO;  | 


fgmi 


Driller 


Jo  jk- m)|  Borehole  oia(s); 


Protection  Level 


Lithologic  Descnotion 


uy  tf-W  i'  f,^ts  Uy 

L.K6M.r  fSArfwW  t-  £>A.r.  L 

*•  .. 

rt>  ,/u ^ 

!!?  — (>^  H-N(t~ty^rv  sa^^d  ^  it.4  ; 

4A>fO  t'Vfc, 

2.S  V/(  3/3 

^  RoTA^t-r  ili^hfjo&i^' 

VptOMsi.t. 

(£.rr*  V/:;) 


>»*«  ci» 


Ot'*4US'Z>r^  k  cXUi^ 


(liodtUuMi  (i-Cycv/s)  v*wx^j/C34.4 

^^■^'***^  ■>'^  ew»M3„«  COTUftt  C>/**c. 

c4t4fV  Sihw’K  Ar  "IF  c*-rrfl 


U  -  Thin  wall  Tube 
5  ■  Split  spoont  tube) 

C  •  Cuttings 


R  -  RocH  Coring 
0  -  Other 
Notes: 


Field  G/C(Maice/riod.) 
G/C  Oper.: 


BORING/WELL  NO.,  £73 


boring  log 


installaticn-  s 


RroiectNo.:  I  Client/Pro lect: 


haZWPAP  Contractor  j-t  _ I  Prig  Contractor 


Drlo  Gtarteo:  ■ie*,  (  _ m)  |  Drlc  Enqea: 


Prig  netnoa/Riq  Type:  Sge, 


QQcec  uV  I  E'-Loo  i  V  /f^  From . 


REV  DATE  riAY  ■  Qq 


Dr:  I  ler 


Borenoie  aia(s) 


Protection  Level  P  (aaj,. 


s'*  c'* 


Lithologic  Description 


4y>jnkju-t  firi—wi.  CM-rrr^^^-r-  <■»«»«  c.^  {svu 

lie*  y  . 

P<r. 


A£i:>  d/U>Wi^ 

CiS7<  H/i )  J  oV  2-  ^^0^ 

‘*'/5avh^  2-/^  W 

ri,  .  PK-y, 

'  ^ 


wall  I  tC?  R  *  Rock  C 

=:oor(tLPe)  0  -  Other 


G/ClMaKe/hioc  ) 


i..j  f  i' 


►  M  /  ,* ;  0  L  O  G 


-y- 

f  '^'~'niKifi/>Ai 'Ll,  ^n  /»\  t 


n  c '  /  r>  ^  T  r  **/•*•'  1  o  o  r 

j .  -f  rr 


I  Ccnlrccior  :  ^r\n  Cor.tr?r{nr  -^7|  nnii.^r  /i^,.  _  ' 
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APPENDIX  F 


PIEZOMETER  AND  MONITORING  WELL 
COMPLETION  DIAGRAMS 


PIEZOMETER  INSTALLATION  SKETCH 


pRiOjEC"  name  ^ 

PROJECT  NO  — y 

BORING  NO  _ 

PIEZOMETER  NO. 


tfZJ.  02.04 


.  JuABC  ‘<;S'S  J 
JC®  6  t  SC^ 
9C  ;  i  O'PE  'N 
:0NCBE’’E. 


PvC  - 

2"  lO 


GSOO’ 

)2  S^O 

i  /t  I3u.^4uu>  /LjU  90RING 


installed  By. 
ChECkEO  by  — 


:--E  -ihd^ 


pv'C 

■  JIPPOQX  «/J  '£■  f  ''5  '  YG  \  U*?  ■  >r 
Z/K>oNu  5uf>fi:£ 


HH  Hui 


ifiO.s 
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REV.  DATE:  MAY  1990 


monitoring  WELL  CONSTRUCTION  LOG  — StanoarO  Flush  Mount 

_ 1  Site:  ^Ui^Vi - 

HA2WRAP  Contraetor 

IT  _ 1  Prig  Contractor  _ SA*v4»k:h>sjA*.^mi> _ . 

WellCoorfl.:  *»  fftHv.it 

E.  to&  ‘f?  .  S5 

Elev _ V 

Height 
G5  Elev._uiS:ai 
G5  Hei^t  ilCiSI 
Depth  BG5 


E)ev._iiiLi2i 
Depth  BGS.£i^ 

25 

io 

>e 

^  i 


m 

Ca 

u 


PO 


to 


'*'0  10(4 


f 


I 


S5TM 


\ 


to 

i 


PROTEaiVECSG 

Material  /  Type  .  Tty/  S  ’Bforntm^ 

Diameter _ 


Depth  B6S - _  ^ - 

Watertight  O-RIng  iSVt^ 

SURFACE  PAD 

rpmrwsition  ^Sl7e  3%.  <  3-<t.  Al^,  CxyMc<^wK. 

,  Breathes  With  Vaoose  Zone  (  y  /  n  ) 

RISER  PIPE 

Type  Scti.Mo  PVC _ 

ntaiTwtPr  M  I  b. 


Total  Length  (TOC  to  T05), 
ventilated  Cap  (  Y  /(^i 

GROUT 

Composition  &  Pmcvytlonq  *•»  ■'^>  *R«t  XlH  Ow^wAvir 
‘A  nu.  1-  Hif 


JC- 


Tremieo  ( Y 
Interval  B6S_ 

CENTRALIZERS 

Denthts) 


(5^  Ak  C*--^  ,  I  in.  s 


(  Y  /<N> 


SEAL 

Type. 


Soiree _  _ 

vrs  5etup/Hy^ationlime_2£~s_vol. Fluio AOOeoJiZ^iA. 
Tremieo  ( Y 

^  ^TCR  PACK 

Tvn> 

Amt.  tJsen  j»  sjt  ZZI/hq  ^  ^  feO _ 

Tremieo  ( Y  /'®») 

Soiree. 


Or.  Size  Dist.  2gywr>  ^  iSO  /Ovi  ny. 

SCREEN 

Type  5>ca.<  *iO  Pyc - 


Diameter 


Slot  Size  8.  Type  g.QiQ 
interval  RFjS  v/p  -ioq^ 


1 ) 


SUMP  N 

Interval  b5o  _ _ 

Bottom  Cap  (^i  N  ) 

BACKFILL  PLUG  , 
Material  AJA 


.Length 


Borehole  dia. 


Setup/Hyflratloh  time. 

TrMHlMl  LM  f 


3E 


» 


* 


> 


4 


» 


» 


» 


> 


> 


» 
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MONITORING  WELL  CONSTRUCTI 
WELL  NO.;  1  Installation: 

Protect  NO.:  ^***AgM  Cltent/Prolecl: 
HAZWRAP  Contractor. 

Como.  Start:  .junJsi _  <  tg 

By: _ _ 


Flev  _ 

uptgr^  O _ 

05  Flev.  Utto.tH. 

GSHel^t  J1Q2- 
Oeotn  BG5 


Oeotn  BGS£^ 


I -Ij, 

c/gi»*  A  ■  t 


lO 

13^ 


rnz: 

L 

IMS  w 

I 

iiy'i  - 

[mil  - 

c 

fO;  101 '■  I- 


K  €  f  f  £  €  ^ 

Boretiole  dta. 


_  REV.  DATE.  MAY  1990 

ON  LOG  —  Stanoard  Flush  Mount _ 

/  I  Site: 

^  Aisi6 _ _ 

_______  Prig  Contractor.  Lnr^t^ 

A  m)  Como.  EnO:  ihilAf  (  iT  :  2g?  p  m) 

Well  CoorO.:  H  B(p2r>.>t6 _ 

'  _ E  Bfe _ 


PROTECTIVE  CSG 

Material  /  Tvoe  9nu  X^, 

Diameter _ 

Depth  _ 

i  Watertight  0-Rlng  (>/  N  ) 

SURFACE  PAD 

composition  &  Sl?e  3  fl  >  3-A-*l-£ 

,  Breathes  With  Vadose  Zone  (y/n) 

RISER  PIPE 

Tyn^  poc. 

niatnPtPT  t.ls. _ 

Total  Length  (TOC  to  1^) _ 

Ventilated  Cap  (Y(^ 

GROUT 

Condition  &  Proportions  MiW«Ttr-i 


Tremled  (Y<^ 

Interyal  BGS _ 

CENTRALIZERS  (  Y . 
Oepthts)  /a 

Tyrn»  g^i 

Sotrce _ ^iyL_ 

Setop/Hydration  nmc  -arrC..^ 
Tremled  ( Y  /(P  W 

FILTER  PyK 
Type  2oFto 

Amt.Usefl  AL  ^ 

Tremled  ( Y<5^ 

Soiree _ 

Gr.  Size  Dlst.  2cAlo 

SCREEN 

Type  i^u>yk^  *tO  PVC- 
Diameter  y  j.ra. 
Slot  Size  &  Type  O-eLQjr 
Interval  RGS 

SUMP  ( Y^ 

interval  BSG^^L _ 

Bottom  Cap  N  ) 

BACKFILL  PLUG 

Material  /^4- _ 

Setup/TV(Wtlon  time  aJi 
Tremled  ( Y  /  N  ) 


-V 


.vol.  Fluid  AddedXt^ 


.Length 


I 


•  • 


REV.  DATE:  MAY  1990 


[MONITORING  WELL  CONSTRUCTION  LOG  — Stanoard  Flush  Mount  i 

WELL  NO.: 

Installation: _ Sky  _ [Site:  _ | 

Pro  lect  No.; 

Cilent/Prolect: 

HAZWRAP  Contractor  ix  Co<MviAi*TT.wi 

Drlg  Contractor 

Comp.  Start:  (2.  TX  _e_m) 

Comp.  End:  Siuhi  (  M  ?.a  r>  ml 

Built  By: 


ML 


Elev 
Hei^l 
GSEIev. 
GS  Height 
Depth  BGS 


Elev 
Depth  BGS 


20 

31  sx  bo 

1 1  lit 

\  ‘In 


It 


3^^ 


3fv 


I 


in  nn 


TO: 


01 


E 


■f 

ft) 


Borehole  dia. 


Well  Coorc.;. 


PROTECTIVE  CSG 
Material  /  Type 

Diameter— — lill - 

Depth  BGS. 


rt 


-  <1^. 


Watertight  0-Ring  N  ) 


nw.aJ. 


SURFACE  PAD 
Composition  &  Size. 

,  Breathes  With  Vadose  Zone  ( Y  /  N ) 

RISER  PIPE 

Tvpp  StCwgoiO.  to 

niampfPT  w  .nO _ 

Total  Length  (TOC  to  T0S)__£2l _ 

Ventilated  Cap  (Y4;S> 

GROt/T  / 

CorwoSitlon  &  Prooortlon«i 

— Aicag:  _ 

Tremiea  (fiv  N ) 

Interval  O  ~  3  b  'n. _ 


centralizers  (  Y 
OeptWs) _ 


SEAL  „ 

Tvni>  7*i  ' 
Smrre 


Setvp/Hydratlon  timp  IQi^.  vni  Fluio  A00e<l_Li^^ 
Tremied  (  Y  CS^ 


filter  pack 

Type  60 


Amt.  Usefl 
Tremied  ( Y 
Sotrce _ 


•-P 


Gr.  Size  Dist.  fet?  o^t  tor 


SCREEN 
Type _ 


t4S>  i'^C 


Diameter  J--0 


Slot  Size  &  Type  g.<PiO 
Interval  BGS  .Sc?  -  too 

SUMP 
Interval  I 


)/  N  ) 


Bottom  Cap  tJ)/  N  ) 

BACKFILL  PLUG 
Material  AfAr 

Setup/Hydration  time _ 

Tremied 


^  Length  f  'f. 


.HA. 


•  •  •  • 


•  •  •  •  • 


REV.  DATE:  MAY  1990 


ImoniTORING  well  construction  log  -standard  F 

lush  Mount 

1  WELL  NO.;  MljJ  -or 

Installation:  Ck^T  t-Upokavt. 

1  Site:  ± 

haZWRap  Contractor.  iT 

Orlg  Contractor  Lf»t^  - 1 

Como.  Start:  //mMi  <  /2-  VT  1 

Como.  End:  //zp/«/  (  i  C  <po  m)  j 

Elev.. 

Height . 

GS  Elev._Ll±iil 
GS  Height  .0.02— 
Depth  BG5 


FlPv  4 
Depth  B6S  J 


ILX. 
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k_— 

r" 
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t  4 
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■sfl_ 

\5(^.9'  l5M"  1 

ItijSM  -i 

oi 


s-^-p  = 


TD:  <ot' 


Borehole  Ola. 


B  >OfaOfa.30 


PROTEaiVECSG 
Materi;.,  /  Type_ 

Diameter _ 

Depth  B6S. 


Si-tt«.i.  Tew  ,  S  /kaiw.  5i»»« 


Watertight  0-Ring  Cp/N) 

SURFACE  PAD  ^  J  r 

Composition  &  Size  Ctwc^crt  /  14.  x  3-h. 
,  Breathes  With  Vadose  Zone  (  Y  /  N ) 


RISER  PIPE 

Tynp  PVC 

Diameter. 


H  ..-tw  t.t> 


hOI 


Total  Length  (TOC  to  TOS). 

Ventilated  Cap  (  Y  <S)) 

GROUT 

Composition  &  Prooortions  Aer,w  W  Tyrt  TAB 

-»  ^3  Qpt,  PVJWW  TD  .3i-»«^H.O 

Tremied  ( Y  /(S> 

Interval  BGS - - - 

CENTRALIZERS 
Depthts) _ 


(  Y 


SEAL 

Type. 

Source. 


Setup/Hydration  time_LJLe9uitt^voi  Fluid  AddedJQM- 
Tremied  ( Y  /<R) 

FILTER  PACK 

Type  O^Aooo  So.wp  S.^>siL? _ 

Amt  Usgd  /I  ‘/l  DAa  ZP/MO  f  Vt-Dux  iCi 

Tremied  ( Y  /(© 

Gr.  Size  DIst.  ^  i  ^  ^ 

?yc= _ 


SO^N 
Type  Sf-Mii<~>v*<.tL  MO 


Diameter. 

Slot  Size  <.  Type. 
Interval  B(iS. 


l-P- 


SUMP  (  Y  /  N  ) 

Interval  BSG _ _ _ 

Bottom  Cap  ((V  N  > 


.Length. 


BACKFILL  PLUG 
Material _ 


5etup/Hy»ation  time  hJA 
Tremied  ( Y  /  N  ) 


\ 


•  4 


( 
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_ REV.  DATE:  MAY  1990 

M0NIT0R<N6  V^E.IL  CONSTRUCTION  LOO  —  StanOarO  Flush  Mount 

WELLNO.:jWu<i»oi  ftlgtailatlon:  5^^^  PAtt  I  Site:  3  _  - 

Protect  No.:  I  Cltent/Prolect:  /S»y  — 

HAZWRAP  Contractor  fTC»APn<wT<»j _ Prig  Contractor  LAv<ofc  Row 

Comp.  Start:  'itii-Kt  iil  'if  -£-m)  |  Comp  Eno:  3fu-l\i  (  (.?  ixn  o  m) 
Built  By.  6aaj>woca.  [well  Coord.: 


Elev - 

Hei^t - 

GS  Elev _ 

GSHei^ti 
Depth  BGS 


Elev _ 

Depth  BGSlIjy 


1 6  3^ 

1" V  ^ 


/ 


5lT^l  = 


~St> 


"’ll  ifl  */■<  l|^ 

Borehole  dia. 


PROTECTIVE  CS6 

Material  /  Tvoe  Srr<.»^ ^ 

nianator  12*  _ 

Depth  BGS _ Osl^sJt _ 

Watertight  0-Ring 

SURFACE  PAD 

Composition  &  Size  rrirr"”*  ^ 

,  Breathes  With  vadose  Zone  ( Y  /  N  ) 

RISER  PIPE 

Tvnp  Wo  ^ 

niamotor  M  JP _ 

Total  Length  (TO^  TOS)__££.li___ 
Ventilated  Cap  ((j)'  N  ) 

GROlfT 

Composition  &  Proportions  T'**<»  ^ 

_ 6<«e<trC _ 

Tremied  (Y/lC^ 

Interval  BGS,  -  Qr  .JJ  1  4.  n.  - 

CEKmtALiZERS  (Y-CS> 

Depthts) _ 

S£^ 

Tvn»  g  feJUri 

Soiree^ _ 

Setup/Hydration  timi»  ;gQj^vni  Fluid  / 
Tremied  ( Y 

FILTER  PACK 

Type  p.ww*. 

Amt  used 

Tremied  ( Y^J 
«ioirce 

if^ 

Gr.  Size  DisL  20i>to  /**«*-  i  feO  »«vi  •«>' 


SCREEN 

Type  S  «««*/>■. 

Diameter _ a. 

Slot  Size  i  Type. 
Interval  BGS 


ve»  /^i/< 
■fa.  X  p  ~ 

so  -  iPp 


SWE  IJt/N) 
Interval  RSa  «Q- 

Bottom  Cap  N  ) 


.Length. 


Material _ A 

Setup/Hydration  tJme._ 
Tremied  «  <  V  /il) 


,  I 
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REV.  DATE;  MAY  1990 


MONITORING  WELL  CONSTRUCTION  LOG  — Stanflard  Flush  Mount 


WELL  NO.: 


Installation:  Ar^ 


HAZWRAP  Contractor  IT 

Driq  Contractor  LAy.ut 

Como.  Start;  9/itMt  <■  (  _4t-m) 

Comp.  End:  libhi  ( x-w  go  n  m) 

Built  By: 


Elev 
Hei^l 

GS  Elev _ 

GS  Height 
DeothBGS 

Elev.. 


Depth  BGS^ 


Well  Coora.;, 


PROTECTIVE  CSG  __ 
Material  /  Type  irssL  (or  / ^ 

Diameter _ ' 

Depth  BGS. 


Sjbs^ 


JEHJL 


watertight  0-Ring  (fT^  N ) 


/ 


?f  ?K  I  CftkiSA^t^  , 


SURFACE  PAD 
Compositions.  Size. 

Breathes  With  Vadose  Zone  ( Y  /  N ) 

RISER  PIPE 

Type _ He  ri/C 


Borehole  dla 


Diameter _ hd 

Total  Length  (TO^  Tr>«ti  J2>#. 


Ventilated  Cap  N  ) 

GROUT  .  .  _ 

Composition  S.  Proportions  /Vt/'Aj^tJL 

Tremieo  (Y^J^ 

Interval  BGS. 


CENTRALIZERS 

Deoth(s)_ 


0-  ‘toy.* 

I’®) 


SEAL 

Type  Ky  u^vo.J..j 
50U*C8 

ftetif^/t^^tlop  Mme  15  Voi  Fiijip  Added 


Tremied  ( Y  "39 
FILTER  PACK 

Type  Sv 


Amt.  Used  -ST 

Tremied  (Y^ 

Source _ grH>agff.srktt*. 


Gr.  Size  DISL  ^ 


SCREEN 

Type  40  fyo 

Diameter  «f  xp  .;w>  Xo  . 


Slot  Size  8.  Type  £>.GiC>„jt^ 
interval  bgs  Jg>  -loo 


Bottom  Cap 


.Length _ LsL. 


backfill 

Material . 


Setup/Hytration  time. 
Tremied — (TTHK 


■m. 
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REV.  DATE:  MAY  1990 


MONITORING  WELL  CONSTRUCTION  LOG  —Standard  Flush  Mount  1 

WELL  NO.:  HLiS-Ci 

installation:  .  _  1  Site:  f  | 

ProleelNo.: 

Client/Prolect:  .JWEAA  /  <rv  ' 

HAZWRAP  Contraetor. 

irc-. -  / 

Orlg  Contraetor. 

1  Comp.  Sian.  ill  CO  £ — m) 

Comp.  End: _ Z^ltl _ 1  1  ^  Orn  -g  m) 

i 


Bui  H  By: 


Flev._  UV^'iO 
Hel^ 

65  Elev  NW^.io 

GSHel^t  jl2Q; 
Depth  BGS 


Boreiwi*  dia 


Well  Coord:  t*  «^3HS-  H8 


g.  UaSK>  .  o  \ 


PROTECTIVE  CS6 
Material  /  Tvoe  Sm<4. 

Diameter _ _ _ 

Depth  BGS _ 


Watertight  0-Ring 


IT  -s-s-4» 


SUPyACE  PAD 
Composition  &  Slye 


Breathes  With  Vadose  Zone  ( Y  /  N ) 
RISER  PIPE 

Tvoe  HO  ^ 


niarrwttor  T-0- 


SoA, 


Total  Length  aoc  to  Tp§). 

Ventilated  Cap  (Y<^ 

GROUT 

Composition  a  Proportions  Yiftr  -r 

■A  ty  f-  ^  ]  I-&  t  t 

Tremled  (Y/t©  ^  „  a 

interval  nns  O-w'2-4. _ 

CENTRALIZERS  (  Y  Z5P) 

OeplhCs)  _ 

SEAL  ... 

Type  y*  '  g*wr*.li4  _ 

Soiree _  , _ 

<U»ti^p/H|/rtratlnr>  tlipp  Uni  Fluid  AddeOil^i^ 

Tremled  ( Y  / 

FILTER  PACK 
Type 

Amt  Usoti  t*' 

Tremled  ( Y  /, 

Soiree, 

Gr.  Size  DISL  r  Lo 


SVitO 


SCREEN 
Type 


Diameter  _iLM£afc 


%■ 


Slot  Size  a  Type  po\o  ^ 
Interval  RfiS  ^  v  r«p  *  »- 


SUMP 
Interval 
Bottom  Cap 


hrilerval  ^  — Length  — 


BACKFILL  PLUG 
Material _ 


aja 


Setup/Hydratlon  tune. 
Tremled  nhH« 


< 


Qi 


PIEZOMETER  INSTALLATION  SKETCH 


Pfi'^jECT  name  S  k-Y  J 

?*ROjECT  no 

boring  no  _ 

RiEZOME’-ER  NO  FP-O  I 

^  GoASC  =OS*S  iJI 
/  ao°  6  1)  scm 

:  i  PiPf  IN 
INCRETE; 


installed  by 
CHECKED  BY_ 


DmTe 

DATE  «*• 


*.  PvcT 


■APPROXIMATE  Existing 
G  POUND  SUPPACE 
El 


ItHS.lZ 


t 

PVC  PIPE  - 

V*  t.».  SMt  -pa 


5»KiP  ; 

f^uxpKti  \  ^ 

twiHSC  ;  \CyJi 


l'A4x 


35 

35 


90TT0M  OF  80RINC 


« 


0  0)0 

1-  77).<>caOj 

3tl'«‘*" 

S  i*»oD  •,  :77i 

;  4 

(rAi./«M>lt'.  I 


t 

I 


S' 


GROUT- 


5iw»  5 


REV.  DATE;  MAY  1990 


MONITORING  WELL  CONSTRUCTION  LOG  “Standard  Flush  Mount 


WELL  NO.:  IHUS- oZ.  I  Installation:  fUj<Lav«>rw^  I  Site: 
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